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The Manager 
and 
His World 


The first section of this paper, "The Boundary Position of the 
Manager,” describes the pattern of activities, largely external to the firm, 
with which the high level manager is concerned. These activities may be 
considered as transactions which take place across the boundary between 
the firm and various groups with which it is related - suppliers and con- 
sumers, for example. The discussion is based on a number of general 
concepts or theories of the firm, selected to illustrate the convergence of 
approach which is becoming apparent in studies of the firm by writers on 
management (6 13) by business economists(2), by sociologists('4) or 
by those concerned with applications of system theory(3 »15), I must ask 
my readers to tolerate the risk of confusion liable to arise from parallel 
consideration of "the firm" and "the manager" in this discussion. 


The second section, headed "Management Development as an Inter- 
nal Institution of the Firm," discusses some of the problems which arise 
from the strength of the internal and external forces around the whole 
process of management development. It begins with examples of discon- 
tinuities in the career patterns of managers and goes on to use aparticular 
component of one management development scheme - a component con- 
cerned with initial recruitment for management - to exemplify some of 
the institutional aspects of problems at this particular boundary of the firm 
and of the manager's role. 


There have been three main sources for the concepts and comments 
which make up this contribution. In the first section the main source is 
that of the empirical studies and the writing of the authors quoted. The 
second section is largely based on the work of my former colleagues at 
the Tavistock Institute, a research and consultant group which operates in 
the social science field and, so far as industry is concerned, works mainly 
at the level of the firm. Finally, the views expressed have been consider- 
ably influenced by recent experience of collaboration, from within, in the 


1 presented as a background paper at the Symposium on Executive Development, 
M.I.T., April 1961. 


efforts of Unilever to grapple with its problems of executive development 
and to seek means of making improved use of the social sciences in this 
field and in others. 


I. THE BOUNDARY POSITION OF THE MANAGER 


Despite differences arising from the varying size and character 
of firms, the main tasks of all higher level managers have a considerable 
resemblance. This section concerns one way in which the common ele- 
ments in these tasks can be considered - that is, in terms of the pattern 
of relations and transactions between the manager and eight areas of rele- 
vant social activity, most of which contain a number of significant social 
institutions and social groups. These areas may be rather summarily 
labelled as: 

Government; 

Distributors and consumers; 

Shareholders; 

Competitors; 

Raw material and power suppliers; 

Sources of employees, particularly managers; 

Trades Unions; 

Groups within the firm. 

All of these - and the manager himself - form part of a single community 
with a pervading general influence, and many individuals and groups would 
appear, in different aspects, in more than one of the areas listed. But for 
present purposes the differentiation of these eight areas may be adequate 
for the general points I want to introduce and to illustrate. 


The manager's central tasks may be described as those of formu- 
lating agreed policies and plans which will maintain movement towards the 
general objectives of his firm, and which will, indeed, continuously re- 
define and pursue these objectives. For these purposes, he needs to build 
and maintain an appropriate type and pattern of relationships and trans- 
actions between himself and others within his firm and, externally, with 
the relevant groups and individuals in each of the areas listed. 


Diagram I - 1925-1940 
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F is the firm; Gis government; SH is shareholders; LU is Labor Unions; 
C is competitor; RMS is raw material supplier; DT and Con. are dis- 
tributors and consumers; ES is employment sources. The size of the 
circles and their distance from that representing the firm represent to 
some degree the extent and the intimacy of the influences which each ex- 
ternal group has onthe firm. The differences between Diagrams I and II 
give some indication - inevitably inaccurate - of familiartrends over the 
past twenty years. 


Diagram II - 1960 


The main points of interest are represented in Diagrams I and I. 
These are intended in particular to illustrate the increasing modal size of 
the firm; the much increased influence of government, of labor unions, 
and of employee sources - particularly potential managers; and, most 
obvious of all, the greatly increased power of the consumer and of the dis- 
tributors(5, 8,!!), The power of shareholders has diminished and - despite 
the legal situation - they are shown as an "external" group. Allied to these 
changes is the emergence of the "professional" as against the owner man- 
ager, and perhaps most important of all, the increasing mutual proximity 
of the external areas withwhich the manager must maintain an appropriate 
pattern of relationships and transactions. Attempts to construct these 
diagrams so that they directly illustrated the "boundary position" of the 
manager seemed to make them excessively complex, and, despite the dis- 
tances between the circles, the higher-level manager needs to be in con- 
tact, in varying degrees of directness, with each of the external areas 
represented. The words “boundary position" refer not only to certain 
theoretical approaches derived from Lewinian psychology and system 
theory, but also to the practical point that the manager must strive to 
achieve an optimal degree of "boundary control" in relation to his trans- 
actions across each of these boundaries if he is to be successful in pro- 
viding for the adaptation and growth of his firm. 


To some extent, of course, every type of job, every role, in every 
type of organization and institution, has a general character of this kind. 
But what is particularly significant for our discussion is to consider how 
far the role of a manager in industry calls for a distinctive competence, 
and if it does, how this can best be described. It seems clear, for exam- 
ple, that any distinctive character in a manager's role will be linked to the 
tasks of maintaining progress towards objectives while handling problems 
of change in each of the main areas with which he must deal. It must 
certainly take into account skill in dealing with the increasing speed of 
change and with the existence of awkward inconsistencies and conflicts in 
the pattern of relations which must be built and maintained. 


There are deficiencies as well as advantages in the general ap- 
proach to managerial roles which has just beensummarized. One advantage 
is that it can reflect the increasing rate of change and broaden discussion 
of managers beyond the rather restricted basis of a role within a firm. One 
deficiency is that the approach does not easily provide for consideration of 
leadership - a particular type of relation between a situation, a role within 
a group and an individual personality. Evaluation of the approach will be 
easier, however, after we have looked at some of the concepts of the firm 
developed by authors from different disciplines, but in each case exempli- 
fying the same general approach. 


Business in Society: a European Summary 


Two years ago, at a conference organized by the Organization for 
European Economic Cooperation, Professor Charles Celier 4) of the In- 
stitute of Political Studies at the Sorbonne, summarized the impact on 
management of developments in Western Europe: 


It would be no paradox to state that the importance assumed by 
political, economic and social phenomena in questions of manage- 
ment is one of the most noteworthy consequences of the general 
development of Western Europe in the last twenty years. Looking 
back to the eve of the Second World War, it was evident that many 
firms could then carry on their activities without usually worrying 
about the general situation of the society in which they existed. This 
is no longer true... the modern firm needs, more and more, 
strictly defined specialization; it has also to call upon an increasing 
number of outside services. More often than not, it does not even 
work on raw material but on semi-finished products ... Its own 
rate of work is governed by that of its sub-contractors. The function 
of management is thus to coordinate large numbers of different ac- 
tivities, many of which are outside its direct authority, as they derive 
from outside sources. It has thus become impossible to exercise 
such a paternal authority as was formerly the custom. The head of 
a firm cannot be skilled in all the techniques he needs to employ; he 
cannot set himself up as a model to all the different specialized and 
highly skilled trained assistants he requires... 
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Celier goes on to illustrate a point which is possibly less contro- 
versial than it was - patrimonial and paternalist management, by its 
nature, tends to inhibit recognition of important changes and may even 
prevent adequate communication: 


Many French manufacturers who traditionally maintained relations 
of mutual trust with their workers thought they knew the staff at- 
tached to their firm and felt perfectly capable of foreseeing all their 
reactions ... (They) were amazed when, in 1936, they saw their 
workers occupying their factories in obedience to the orders ofa 
hitherto unheard of trade union. 


He goes on to fill in the picture of change in the nature of the relationships 
which the manager must now maintain: 


The manager has to negotiate almost every day with administrative 
authorities in the strict sense. Some of these maintain constant 
watch on the activities of the firm, which frequently needs permits, 
import and export licenses, certificates of exemption from a social 
or health law, exchange controls, etc. He has to turn to administra- 
tive or semi-administrative bodies in order to obtain credit, take 
out insurance, branch out in new markets under adequate guarantees, 
or collect a great deal of information only obtainable from public 
authorities. What is more, in modern society, the state has become 
the biggest customer of a large number of industries .. . 


After discussing such international problems as currency and pur- 
chasing power, Celier concludes: 


It is thus almost impossible to separate economic factors, properly 
speaking, from the social and political factors which also play a 
large part in the life of a firm... heads of industrial and com- 
mercial firms (have a role which) is centered quite as much on 
measures which will enable the firm to adapt itself successfully to 
the changing face of the . .. surroundings in which it pursues its 
activities as on solving internal technical or commercial problems 
which can now be delegated to skilled specialists. The function of 
the head of the firm is constantly to adapt the unit which he governs 
to the surroundings from which it draws its sustenance and in which 
it has to live and prosper. This quite novel conception would cer- 
tainly surprise the pioneers, who, some hundred or hundred and fifty 
years ago, established industry and finance in Western Europe. It is 
nevertheless a fundamental fact for the training of management staff 
for its future work. 


Entirely similar conceptions of the enterprise emerge from other 
analyses made from separate starting points. These too stress the need 
of the firm actively to adapt to its environment in directions which are 
essential or desirable for its survival andgrowth. Approaches of this kind 
are dynamic, in the sense of being concerned with forces, with equilibria, 


and with processes of change, and it seems clear that they describe such 
essential characteristics of any firm as tosuggest the limits of any purely 
descriptive approach or any attempt to understand the firm merely in 
terms of its internal structure at a particular point in time. The same 
comments may well be made in considering management roles. 


Some Definitions of "Business" and "Enterprise" 


The quotations now to be given and discussed suggest types of fun- 
damental questions on which the manager of the future will need to have 
considered views. And in the larger firms these views will need to pro- 
vide a basis for action at the international level, as well as that of the 
community and the national society. Here is Peter Drucker(6): 


The first conclusion ... is that a business enterprise is created 
and managed by people. It is not managed by forces. Economic 
forces set limits to what management can do. They create oppor- 
tunities for management's action; but they by themselves do not de- 
termine what a business is or what it does ... The second conclu- 
sion is that a business cannot be defined or explained in terms of 
profit ... This does not mean that profit and profitability areun- 
important ... Profit is not the explanation, cause, or rationale of 
business behavior or business decisions but the test of their valid- 
ity ... If we want to know what a business is we have to start with 
its purpose. And its purpose lies outside of the business itself. In 
fact, it must lie in society since a business enterprise is an organ 
of society. There is only one valid definition of business purpose: 
to create a customer... It is the customer who determines what a 
business is (and because of this) any business enterprise has two - 
and only these two - basic functions: marketing and innovation. 
They are the entrepreneurial functions. Marketing is the distin- 
guishing, the unique function of the business. A business is set apart 
from all other human organizations by the fact that it markets a 
product or a service... (and)... to reach full realization of the 
importance of marketing requires overcoming a deep-rooted social 
prejudice against "selling" as ignoble and parasitical and in favor of 
"production" as gentlemanly, with its resultant theoretical fallacy of 
considering production as the main and determining feature and 
function of a business. 


The second function of business ... innovation ... may take the 
form of lower price . . . a new or better product, a new convenience, 
or the creation of a new want or .. . finding new uses for old prod- 
ucts. Innovation goes right through all phases of a business ... the 
most effective innovations in American history in the last few years 
(1950-55) were probably not the much publicized new . . . products 
and processes but innovations in materials handling and in manager 
development. 


Elsewhere Drucker emphasizes that "management is not just a 
creature of the economy; it is a creator as well. And only to the extent 
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to which it masters the economic circumstances and alters them by con- 
scious directed action does it really manage." Ina slightly different con- 
text, Hurff(!!) makes an equivalent point in "Social Aspects of Enterprise 
in a Large Corporation." "Enterprise," he writes, "is that factor in the 
productive process which is responsible for adjusting a business organiza- 
tion to a dynamic world throughinnovation and adaptation - a factor which 
historically and currently is identified with general executives and direc- 


tors." 


You may feel that distribution rather than production is unduly em- 
phasized in these selected quotations, but we are primarily discussing 
events in societies where the changes of the past fifty years could largely 
be represented by this difference in the focus of attention. Indeed, another 
formulation of this same point would say that it may be dangerous to con- 
ceive of a firm in terms of its products rather than in terms of the 
changing markets, the overt consumer wants, and the latent consumer 
needs to which the products must be constantly geared and adapted('!2), 


In "The Meaning of Modern Business," one of the most recent 
studies in this field, Richard Eells(7) summarizes his views of the busi- 
ness corporation in this way: 


The modern corporation is not one thing but many things. It is not 
just an entrepreneurial unit, nor simply a more or less effective 
producer of goods and services ... it isin part an economic insti- 
tution, part educational institution, part fraternal organization, part 
contestant in political process. 


Almost each word in this summary seems to me to have very considerable 
significance. 


In later sections of his book, Eells goes on to consider what he 
calls the metrocorporation, in which, 


the "economic man" gives way to the "whole man," and we see in it 
the proliferation of corporate goals together with a strong tendency 
to over-mother the brood that clusters about this somewhat pre- 
tentious lesser society. This pretentiousness appears not only in 
the tendency to govern the lives of its Organization Men but also in 
the theory that its executive managers should seek, through policy 
making, to balance the interests of groups that lie both within and 
without the corporate orbit. In its zeal to live up to the social re- 
sponsibilities increasingly thrust upon it, the metrocorporation even 
attempts to bring the public interest into the balance ... As we 
have seen, a reaction has set in against what the traditionalists see 
as the overweening ambition of the metrocorporation and its alleged- 
ly dangerous departure from established norms of the profit-making 
function of a straight business enterprise. In other quarters, there 
is apprehension about corporate power and the legitimacy of author- 


ity vested in corporate officialdom ... the search for more tenable 
models of corporate enterprise ... has recently taken the form of 
varying kinds of doctrine about the social responsibilities of busi- 
ness and the businessman. It is not surprising that this should be 
so, for the major issues concern the external relationships of the 
business unit. Yet, as has been shown here, the problem involves 
more than external relationships and so-called public responsibili- 
ties. It also raises the relatively unexplored issue of corporate 
governance. 


The Enterprise as an "Open" System 


So far the approaches illustrated have predominantly been those of 
political scientists and a business economist. In those which follow the 
approach is of a more sociological character. Apart from their relevance 
as background to our theme, both the preceding quotations and those which 
now follow are of general interest in showing the extent to which there can 
be convergence in the outcome when writers from different disciplines at- 
tempt to understand the firm. Paradoxically, this convergency may facili- 
tate distinctive approaches by contributing to a relatively solid and agreed 
basis from which complementary types of study can be initiated. 


My former colleagues at the Tavistock Institute, Eric Trist and 
Fred Emery, have exemplified in a recent paper '7) their approach to the 
study of the business enterprise as a "socio-technical" system. They be- 
gin by drawing attention to the way in which some of the "borrowing" of 
sociological and psychological system theory has often been from models 
built up in the physical and not in the biological sciences. They stress an 
important distinction between the system models applicable in these two 
fields of traditional scientific work - a distinction clarified initially by 
von Bertalannfy(') and later by Boulding(3), The phenomena and models 
in the physical and in the biological sciences, Bertalannfy noted, show a 
considerable difference along the dimension of being relatively "closed" 
or relatively "open" to interplay with influences located in the immediate 
environment of the unity of study. Speaking about the firm, Trist and 
Emery point out, however, that 


In the realm of social theory there has been something of a tendency 
to continue thinking in terms of a "closed" system; that is, to regard 
the enterprise as sufficiently independent to allow most of its prob- 
lems to be analyzed with reference to its internal structure and 
without reference to its external environment. ' 


Such an approach - and others related to it - 


does not conceptually reflect the mutual permeation of an organiza- 
tion and its environment ... Enterprises appear to possess at least 
these characteristics of "open systems": they grow by processes of 


te 
: 
= 
ft 
| 
; 
i 


internal elaboration and manage to achieve a steady state while still 
doing work, i.e., achieve a quasi-stationary equilibrium in which the 
enterprise as a whole remains constant with a continuous throughput, 
despite a considerable range of external changes. 


Although the phrase "remains constant" needs elaboration, whether we are 
speaking of biological or social organisms, the general point is perhaps 
clear enough. 


Trist and Emery go on to evaluate the concept of an “open system" 
as applied to business enterprises, and find that it "helps to provide a 
more realistic picture of how they are both influenced by and able to act 
back on their environments ... arising from the nature of the enterprise 
as an open system, management is concerned with 'managing' both an in- 
ternal system and an external environment." 


They conclude that: 


The primary task of managing an enterprise as a whole is to relate 
the total system to its environment, and not internal regulation per 
se. If management is to control internal growth and development, it 
must in the first instance control "boundary conditions" - the forms 
of exchange between the enterprise and its environment ... the 
strategic objective should be to place the enterprise in a position 
where it has some assured condition for growth... (and)... 
achieving this position will be the primary task of the organization. 


The Concept of an Institution in Relation to the Firm 


In a kind of colloquial shorthand I have become accustomed to de- 
scribe an institution as a "widely agreed means to some widely agreed 
end,” a formulation which is helpful if we wish to study the units of in- 
dustry rather than industry as a whole, if we wish to consider the process 
of institutional development in the firm, and - the most relevant point for 
our immediate purpose - if we are to consider how far the growth of a 
firm's management development scheme towards the position of being an 
"internal institution" is a main criterion of its effectiveness. 


Let me again quote Eells: 


The use of the term "institution" to describe the corporation is 
familiar enough, so that the idea of survival as a goal of business 
should need little qualifying. In general, that which follows a repe- 
titive and predictable pattern is described as an institution ... An 
institution, in the straight sense, therefore, is a quasi-organization 
which is vital enough in the whole context of human needs and human 
drives to be maintained by the common consent of many genera- 
tions ... It is at just such a point in organizational evolution that 
the corporation now finds itself. 


In Leadership in Administration, Selznick('4) approaches the con- 
cept of an institution from a slightly different angle,and makes what - for 
our purpose - is an important distinction between an institution and an 
organization. 


The most striking and obvious thing about an administrative organ- 


ization is ... (that it has)...setaims... (andis) ... conceived 
as an exercise in engineering; it is governed by the relatedideals of 
rationality and discipline. The term “organization” ... suggests a 


certain bareness, a lean, no-nonsense system of consciously co- 
ordinated activities. An institution, on the other hand, is more 
nearly a natural product of social needs and pressures - a respon- 
sive, adaptable organism. This distinction is a matter of analysis 
and not of direct description. The relation of an organization to the 
external environment is, however, only one source of institutional 
experience. There is also an internal social world to be considered. 


In terms of lessons for management development, one general point 
of high relevance can be seen in these discussions of the firm as an insti- 
tution. The tasks of the higher level managers center on problems in 
which there is a continuously high level of uncertainty, and complex value 
decisions are inevitably involved. This has a direct bearing on the re- 
quirements of personality for top level management, on the relevant pat- 
terns of career development, and on the objectives and content of programs 
of management education. 


In relation to the central notion we are discussing - the "open 
system" theory of the enterprise - great importance attaches to the 
transactions between a firm and its environment in the form of recruiting 
potential and actual managers. In the continuous adaptation of a firm and 
all that goes with this, it is certain that some degree of “import” and 
"export" of managers is almost inevitable, for personality is likely to be 
more resistant to change than the structure of a role or of a firm. It is 
indeed probable that "managerial turnover" - the exchange of managers 
between the firm and its environment - has an optimal level for a par- 
ticular firm at a particular time. One could indeed describe the results 
of various kinds of ineffective top management control of transactions at 
this particular boundary. Inadequate control, for example, can lead either 
to insufficient or to excessive turnover of managers and to associated 
types of difficulty within the firm. A relatively high managerial turn- 
over - there are a number of obvious varieties - can often be linked to 
inadequate institutional development in the firm and hence inadequate 
capacity to mobilize the energies and the staying power of its members; 


Zone difficulty in helping physical scientists to become general managers is that 
those trained to deal with the "closed system" phenomena of the physical sciences 
often find the "open system" phenomena of management - and of the social sciences - 
exasperatingly difficult to deal with. 
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a relatively low managerial turnover may be linked to a type of regressive 
institutionalization in which "means" have become confused with "ends" 
and in which the highly significant "ends" of innovation and adaptation ap- 
pear lowdown on the scale of values held within that particular enterprise. 
To turn from management development to management philosophy, as it is 
called, there may also be ways of relating the particular stage of insti- 
tutional development of a particular firm to its managerial "philosophy" 
and practice - for example, to an authoritarian or to a participant ap- 
proach, if we use a dimension of contrast which is frequently discussed. 
At least in theory, it is easy to see some kind of ideological consistency 
in a management philosophy which regards subordinates as essentially 
requiring control and discipline, and which regards the external environ- 
ment as predominantly offering dangerous threats rather than opportuni- 
ties for creative action. These, taken together, represent a defensive 
approach. 


Il. MANAGEMENT DEVELOPMENT AS AN 
INTERNAL INSTITUTION OF THE FIRM 


The title of this section suggests the existence of an agreed and 
integrated set of functions and activities which have grown to the point of 
being established and familiar in a considerable proportion of firms. But 
this situation, where it does exist, is likely to be unusual at the present 
time. For that reason, let me begin by saying that what is now to be dis- 
cussed is the general setting in which management development schemes 
are initiated and some factors which influence the growth of such schemes 
towards the position of being an internal institution of a firm. Once more, 
I use the word "institution" to mean "an agreed means to some widely 
agreed end." Later on there is rather full discussion of some aspects of 
a particular scheme for external recruitment to management, and it may 
help to link this second section of my paper to the first, if I suggest that 
such a component of a complete management development scheme should 
really be classed as a "boundary institution" rather than as a completely 
"internal" institution of the firm concerned. There may well be common 
characteristics in all boundary institutions - but I will leave this implica- 
tion to emerge. 


Discontinuities in Career Patterns 


Various concepts of the top manager's role have earlier been con- 
sidered. If we move down the line towards the middle and lower levels of 
management certain important changes can be seen. Along another dimen- 
sion of contrast there are equally important differences between the three 
main functional areas of production, marketing, and that usually labeled 
"administrative" or "commercial." I have been rather insistent about 
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common elements in the situation around top managers; for a reason 
shortly to be described, let me now draw attention to certain differences 
which can be seen between managerial groups at different levels in each 
of these three main functional areas - differences of considerable im- 
portance to management development as a whole. 


The man at the lower end of the executive chain - he may be the 
supervisor, the foreman, the assistant office manager, or he may be the 
immediate superior of, say, eight sales representatives - has always 
seemed to me to be more clearly aware of the importance of the outside 
world and of the relevant groups around the firm than are the middle 
managers a little further up. Managers at first-line! levels - with all the 
ambiguities of their position and their problem of being the representative 
of top management - are often in closer and more frequent contact with 
the outside world and with such educational and thought-provoking influ- 
ences as operatives, labor union officials and distributors, all of them 
groups with considerable independence and all of them difficult to fob off 
with evasive replies to incisive questions. "It's all very well for the de- 
partmental manager,” said one foreman, "to come down to my shop, sack 
aman and go away. He hasn't got to live afterwards with the jury of the 
man's mates - I have. And they know, and I know, what even short un- 
employment means to a family, whether or not the breadwinner was a good 
worker.” On the marketing and sales side there is perhaps something 
similar in the rather cynical mutual compassion which can often be seen 
in the relations between the distributor, the sales representative and his 
manager as they transmit downwards towards the consumer the plan fora 
particular sales cycle and describe how successful it is going to be for 
everyone. 


It seems as a rule to be in "middle" management that there is the 
most obvious problem of maintaining some continuing awareness of the 
world outside the immediate unit. It is at these levels that there is the 
greatest risk of worshipping means and forgetting ends, of over-estimating 
the organizational blueprint and forgetting the ineffectiveness of one-way 
systems of command. Little of this, I feel, can be explained in terms of 
the calibre of the actual men at these levels, for their intrinsic capacities 
seldom differ in any dramatic way from those immediately below or im- 
mediately above them. On the contrary, I feel that it is the sociological 
factors in their situation that matter - particularly the restricted charac- 
ter of the role of the middle manager. It is these factors which favor the 
development, at these levels, of a managerial climate which differs in 
rather specific ways from that of management at the top and that of the 
first-line level, lower down. In middle management the importance of 
lateral coordination, the need for close attention to timing of tactical ac- 
tivities, and the absence of direct contact with such relatively independent 
groups as operatives or consumers or distributors may well be factors 
which so often make this an area where management development, in the 
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widest sense, has its greatest difficulties, and where it cannot so far be 
held to have successfully held at bay a stultifying and ironically named 
"logic of efficiency." 


It is in part for reasons of this kind that a variety of familiar in- 
stitutions - industrial, military and ecclesiastical - have tended to ar- 
range that those intended for senior positions at a later date should have 
no more than limited spells of experience at middle levels, and have used 
in planning early development what I will provocatively call an “elite” prin- 
ciple. "Never let your potential officer get into the sergeant's mess" was 
a cliche of the British regular officer between the two wars. Although even 
the mildest adherent of class-war theory would recognize in a moment what 
an expression of social prejudice that statement may contain, I want to sug- 
gest there is a great deal more in it than that. For this purpose, let me 
take an example which poses almost the same problem in a narrower set- 
ting - the contrast in the character cf jobs at different levels within the 
functionalarea whichin my own firm we call "commercial" but which else- 
where would be called "administrative." If we leave aside the changes like- 
ly to come from office mechanization andthink of traditional forms of com- 
mercial work, the lowest levels in this area are largely concerned with 
rather routine clerical matters - carrying out and checking the whole 
business of invoices, bills, payments, receipts, and so on - activities 
which are, as a minimum, aimed at discharging statutory obligations to all 
those with whom money and goods or services are exchanged. A little 
higher up, commercial activities center on safeguarding of assets, while at 
the top of this commercial area there are senior managers and commer- 
cial directors whose tasks may in part require skills also needed further 
down - for example, a knowledge of accountancy. The point I want to 
make, however, is the opposite: at this top commercial level the main 
responsibility is the reverse of passive safeguarding of assets; it is that 
of trying actively to increase the assets by providingadvice - and sharing 
decisions - about the organized gambling which makes up such an im- 
portant proportion of top management work. There is good reason to be- 
lieve that a man who may well have considerable potential for this high 
level work - it sometimes appears as a relatively late-flowering talent - 
may be seriously handicapped if he spends more than a short period of his 
career in the "asset safeguarding” lower levels where the primary re- 
sponsibilities are of a quite different character. It is not uncommon, we 
say in England, to find that the poacher may turn gamekeeper in later life, 
and I hope it is not disrespectful to commercial managers to say that in 
their careers industry seems to attempt an opposite and intrinsically 
more improbable type of role reversal. There are many examples of this 
kind of discontinuity in career development in different functional areas in 
industry. All of them suggest problems of career-design within the sphere 
of systematic management development. They also suggest - this is my 
point - the need for some kind of early differentiation of men likely to 
become top rather than middle managers. 
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I want now to move away from the rather cosmic background in 
which the role of the manager was earlier considered, towards discussion 
of some equally general but rather more earthy aspects of management 
development. For reasons to be given in a moment, I would like to outline 
the bases of the types of recruitment, training and development schemes 
with whose initiation and growth my former Tavistock colleagues and I 
have been most familiar since the earliest part-model of this general kind 
was set up in 1941, in the form of the "War Office Selection Boards" 
which produced officer-cadets for training and for later commissioned 
rank. From this I will go on to comment on a particular recruiting com- 
ponent of the management development scheme in my own firm. 


The Initiation of a Management Development Scheme 


Let me recall once more the definition of an institution used in 
this paper, for I want to illustrate the thesis that management development 
can only be effective when it grows away from being no more than a set of 
procedures, and towards the position of being a "widely agreed means to a 
widely agreed end." Just what the limits of these ends and means are, and 
who must agree about them, should be defined, but I hope the general point 
for discussion will be clear enough. 


Let me begin with some observations by American writers on 
management development, dealing particularly with policies and practices 
of recruitment and promotion. Peter Drucker(6) notes that: 


Increasingly it is to business that the citizen turns for fulfillment of 
the basic beliefs and promises of society, especially the promise of 
equal opportunity. Management development is little but a technical 
name for the means through which we carry out a central and basic 
part of our social beliefs and political heritage. 


This view could, I suppose, be regarded as a consequence of ac- 
cepting industrialization as an essential part of Western democratic 
process. It is certainly true that upward mobility within the industrial 
part of the occupational system is one means of reconciling social ca- 
pacity and social position, and on this background it is easy to recognize 
one group of forces driving any management development scheme towards 
the position of becoming an institution. But what kind of institution? The 
problem of clarifying and reconciling conflicting "needs" and "ends" in the 
early stages of growth of any internal institution within the firm seems to 
me of immense importance. Recruitment and promotion must primarily 
consider the objectives and needs of the firm: attempts to rectify - by 
promotion - any social injustice experienced outside the firm would strike 
many European managers as likely to increase the total amount of in- 
justice rather than the reverse. 
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The "vice" of nepotism - the unjust use of proprietorial, paternal- 
ist or personal power in recruitment and promotion - has, of course, a 
twin. This has no name, but it consists of insisting that performance and 
length of service at one level should be the main criteria for promotion to 
another. Let me give a discreet example, from a government service out- 
side either of the two continents with which we are most familiar. "With 
us, "said the head of this service, "promotion other than by seniority would 
be unthinkable." To accept any view of this kind - or any view which 
equates performance with potential - involves denial of the differing 
potentials of men, and it involves denial of the need to prcvide accept- 
able means of recognizing and developing those with above average po- 
tential. Earlier on, acceptance of this need was given the provocative 
label of the “elite” principle, although this phrase involves a special mean- 
ing of the word elite. I had better be clear that any principle of this kind 
does not imply that all managers should not be offered every opportunity 
to achieve their maximal potential. Any such principle, however, does 
imply that continuing equality of opportunity does not mean continuing 
identity of opportunity. In effect, the type of principle I am concerned to 
defend is related to the Victorian warning that "from him to whom much 
has been given, much will be expected." The problem lies in the com- 
plexity of what is "given" and of assessing this by means which can achieve 
the status of an institution. 


Let me illustrate one of the dilemmas of management development 
by quoting a second American writer in this field. Discussing the institu- 
tional aspects of an enterprise, Selznick('*) says that 


. .. the formation of an institution is marked by the making of value 
commitments - that is, fixed assumptions, of policy makers... 
decisions affecting institutional development are critical deci- 
sions ... and certain organizational practices ... help to shape 
the key values in the organization and especially the distribution of 
power to effect these values ... Decisions regarding the recruit- 
ment of personnel may become part of this critical experience... 
when selection must take account of more than technical qualifica- 
tions or when leading individuals are chosen for their personal 
commitment to precarious aims or methods ... where the social 
composition of the staff significantly affects the interplay of policy 
and administration, personnel selection cannot be dealt with as a 
routine management practice. 


The views represented by the quotations from Drucker and from 
Selznick are widely held, and they are to me a statement of a dilemma. It 
may be said that the semantic issues behind this, if we took time to exam- 
ine them fully, might change the definition of that dilemma. But the two 
views may at least give an indication of the wide range and powerful na- 
ture of one category of social forces which operate around the process of 
management development. The two views suggest, to go further, why 
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management development must either grow into an internal institution of 
the firm or be discredited as some new form of conspiracy to prevent 
"merit" achieving its "just reward." To put this point in a more ominous 
way, any management development scheme whose nature prevents its 
growth towards institutional status may easily be interpreted as no more 
than a new means by which the managers of a firm maintain a familiar 
pattern of unjust exploitation of one social group by another. On the other 
hand, even if a management development scheme does become an internal 
institution, it will, like all institutions, need careful and continuous scru- 
tiny and adaptation, for it will inevitably be exposed to a variety of familiar 
risks. 


The problem of reconciling the managerial needs of the firm with 
the social aspirations and inequalities of men may be illustrated rather 
more clearly if I give an almost ideal account, based on the theoretical 
views as well as experience of former colleagues and myself, of how a 
systematic scheme of management development could begin to move to- 
wards achieving an institutional character. In doing this I want to be 
rather detailed about points which lend themselves to consideration of 
certain wider issues. 


Consider first the steps in introducing a scheme. Leaving aside 
the preceding events in the firm - they may have been tragic or comic, 
planned or accidental - a scheme needs ideally to be initiated as a fully 
integrated part of a complete program to achieve the firm's objectives. 
It should, that is, arise from an agreed conception of the distinctive role 
and competence of the firm. It needs also to be based on a fully developed 
conception of the personnel function. From such a conception three groups 
of activities will emerge: first, adapting the organization; second, man- 
ning it; and third, maintaining an effective level of morale. By morale I 
mean an effective attitude in the firm and its constituent groups and mem- 
bers towards their collective and individual tasks. 


To initiate a systematic system of management development the 
actions needed under the heading of "adapting the organization” would be 
concerned with the usual forward estimates of areas of growth or contrac- 
tion, based on predictions about future objectives and the future pattern of 
relations between the firm and the external regions earlier discussed. 
These estimates of future needs would involve requirements for various 
numbers and levels of managers, of both familiar kinds and - most im- 
portant - new kinds. Planning activities to meet these estimates would 
come under the second area of personnel activity, that of "manning the 
organization." Here also would come studies of the minimal requirements 
in knowledge, in patterns of experience, and in levels of skill in the dif- 
ferent groups, which make up the total management cadres, present and 
future. Ideally, this planning would contain what might be called "optimal 
flow charts" - statements of numbers and types of managers moving along 
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optimal career paths. Under the third component activity of the personnel 
function - that of "maintaining morale" - would come steps to build wide- 
spread understanding and agreement with respect to the firm's objectives, 
situation and managerial needs, to its available resources in potential re- 
cruits and candidates for promotion, and to its policies and practices of 
recruitment, development, promotion and training. 


In the introduction of a scheme of systematic management develop- 
ment, all kinds of thorny problems would almost inevitably arise within 
each of these three groups of activities. Much time and patience would be 
needed to provide the basis for an internal institution which would first of 
all meet the inevitably changing needs of the firm, and, secondly, be ade- 
quately trusted and valued by a reasonably wide majority of employees at 
all levels. Some kind of evaluation of how far a scheme is meeting these 
criteria can be attempted, in a situation of managerial shortage, by a care- 
ful consideration of potential or actual managers who are attracted to the 
firm or who leave it. I do not mean to suggest that this type of transaction 
will always represent some failure. I merely suggest that in this kind of 
evaluation the nature and level of such transactions between the firm and 
the outside world is almost certain to be highly significant. 


Some implicit principles and manifest problems have just been 
outlined in the general case. Let me now try to exemplify how a few of 
these have appeared in the growth of one component of a management de- 
velopment scheme - a central recruitment scheme for potential managers 
which was brought into being some fourteen years ago in its first form, 
and which can be described as a "boundary zone institution." 


Some General Aspects of a Scheme for Recruitment to Management 


The firm concerned is the United Kingdom sector of Unilever, a 
multi-national concern, largely concerned with domestic consumer ex- 
pendibles, diversified in its field, decentralized, and with an established 
tradition of delegation. For these reasons the companies of which it is 
made up throughout the world have considerable differences of approach 
to such problems as recruitment to management. For immediate pur- 
poses, the main point about this recruitment component of an over-all 
scheme of management development is its location on what has of recent 
years become an increasingly important part of the boundary between the 
firm and its environment. 


Young people are recruited to the United Kingdom units of the firm 
as school leavers of different kinds, from sixteen on; a little later they 
come in from a variety of sources. In any case, it is through promotion 
from levels below management that some four-fifths of the present two 
thousand managers in the United Kingdom sector of the concern have 
initially entered management. Many people would share a general feeling 
that, as things are, young people cannot be expected to be accurate in their 


vocational guessing for some years after they have left school or univer- 
sity. My own experience is that if one considers the timing of the later 
stages of social and individual development among the intellectually more 
able young people in my own country, the chances of their making an ef- 
fective first choice of career - or of someone else being roughly correct 
in agreeing with them about this - are likely to be below fifty-fifty until 
they are about twenty-two years of age. For reasons of this kind, what I 
should like to call "experimental employment” tends to go on between the 
ages of sixteen and, let us say, twenty-eight. In accepting this situation 
many firms have also come to realize that we must somehow arrange for 
continuing full employment, and that those now entering industry are seek- 
ing careers rather than jobs. Many firms have devised means of taking on 
"initial" recruits from a wide range of sources and of all ages from six- 
teen to twenty-eight or so. But above that age the problem of “outsiders- 
coming-in" begins to take on new aspects and requires a somewhat dif- 
ferent approach. My own firm recruits in the United Kingdom both by 
individual companies and by central schemes, and does so both for special- 
ists, for management training and for some levels of management. Within 
this over-all program, it is one central scheme of recruitment and train- 
ing for general management careers that I want to describe. A more 
detailed definition of "general" would, of course, mean “general within a 
particular functional area"; or alternatively I suppose it could be defined 
as "non-specialist" in the sense that technical or professional qualifica- 
tions play no direct or essential part in the criteria for recruitment. 


The applicants ultimately selected are offered a two-year "manage- 
ment training” with a specific company or unit which has been arrived at 
by negotiation between the individual, the company chairman, and the cen- 
tral division concerned with recruiting. The "training" is almost entirely 
on-the-job, and towards the end of this period appointment to some specific 
management post is made. From that point on the former members of the 
scheme are dissolved, as it were, in the pool of young managers, and com- 
pete on even terms with them for opportunities in career development and 
promotion. Within this pool of young managers a differentiation between 
its members is made in terms of their probable age at promotion to a de- 
fined level of more senior management, and a similar differentiation is 
again made at this level from within the total group of senior managers 
eligible for still further promotion. This particular system - a chain of 
procedures for differentiating men of relatively high potential at three dif- 
ferent levels in management - represents a means by which the "elite" 
principle is maintained. But, because any manager may join or be dropped 
from the "high potential" group at any one of the three levels, the system 
is "open" and not "closed," as would be implied by the permanent mem- 
bership usually associated with the concept of an elite. Nevertheless, one 
point made earlier is exemplified by this scheme: it differentiates rather 
Sharply between performance and length of service on the one hand and 
potential for promotion on the other. 
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Let me return to the initial recruitment scheme - that concerned 
with obtaining recruits to management of likely young people from a vari- 
ety of sources. The only formal entrance qualification is that the applicant 
must, for this particular scheme, be between twenty and twenty-eight years 
old. Beyond this, they may have had any type of education, and they may 
be from inside the concern as well as from without. They may have been 
in some quite different occupation or they may have been students. At the 
point of inquiry or application most of them are in fact students, but that 
is not because academic qualifications are necessary. It is because a 
large proportion of our intellectually more able young people have chosen 
or been enabled to go on from school to university or college. For this 
particular scheme of recruitment the firm is at pains to stress that it is 
not concerned whether applicants have or have not attended technical col- 
lege or university, or if so,in what faculty. More particularly, the criteria 
of selection boil down to the best possible guess in answer to the question: 
"Can we see this young man in due course as at least a middle level man- 
ager somewhere inthis business?" The word "middle" is important, and 
there are criteria here, of course, but these criteria stem from job re- 
quirements and not from educational attainment or social background. In 
these elements of design you will see how some, at least, of the basic es- 
sentials for building an institution can be interpreted. To put it generally, 
the formal requirements for application do not derive from any past group 
membership or past attainment. 


There are some four thousand preliminary inquiries each year. 
For the reasons given many of these occur at universities, often by par- 
ticipation in "information sessions" where exploratory discussions take 
place between potential applicants for the scheme, members of the central 
recruitment staff, and two or three young managers - for example, men 
who graduated from the same university three or four years ago. From 
these explorations, an individual interview may be asked for, and this re- 
quest may be accepted or turned down by the staff concerned. All kinds of 
theoretical and practical questions arise about this first phase of rejection, 
but for our present discussion the important points are, first, that a ma- 
jor proportion of those who do not proceed towards application withdraw 
of their own volition, often because they decide against entering industry 
at all; and second, that the staff concerned have considerable experience 
with this recruitment and training process. It is accepted, nevertheless, 
that mistakes will inevitably occur at this stage. Some fifteen hundred ap- 
plicants finally complete an application form, and from there some two 
hundred and fifty are invited to attend the one-and-a-half day final selec- 
tion board. As a result, about eighty are offered the relevant traineeships. 
Some sixty to seventy accept, and the additional loss during the subsequent 
two-year "training" program is of the order of ten, roughly one half of 
whom have been invited to resign by the firm. Many kinds of questions 
arise from such figures. However, my purpose is not to describe or dis- 
cuss this particular scheme, but to discuss the problem of fostering the 
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growth of a recruitment scheme towards the status of being a boundary 
institution. I can approach this by listing and discussing some of three 
criteria by which a scheme of this kind could be assessed. They are de- 
rived in part from the concept of a boundary institution. The criteria are 


these: 


The first of these criteria - a rising or optimal share of above- 
average applicants attracted by such ascheme in consecutive years - is in 
practice surrounded by the difficult issue of "an optimal share” of the total 
"recruit pool" of potentially successful applicants. Nevertheless, those 
concerned with any recruitment scheme over years would probably accept 
the validity of the criterion, while recognizing the problem of expressing 
it in any quantified form. , 


I suggest this criterion of development towards institutional status, 
however, for the reason that selection schemes are in effect rejection 
schemes; they merely accept the least unlikely residue from among those 
who come forward. For a boundary institution of this kind the effect on 
those rejected is at least as important as that on those who are selected. 
In the scheme I am describing, managerial potential has mainly to be as- 
sessed on qualities of personality, because a relevant performance record 
is seldom available and in any case might well be misleading. If the "wide 
agreement" needed for development of a scheme with an institutional 
character is to be fostered, it follows that the "means" employed in these 
explorations of personality and potential must take into account the "ends" 
of the applicants as well as those of the firm. The "ends" of the applicants 
are multiple, but they certainly contain a desire to learn something about 
industrial management and about their potential for industrial careers. 
There is some evidence for this point in that, of the ten or so successful 
applicants who each year do not accept the traineeship offered to them, a 
majority was already considering similar offers of employment from 
other firms and was primarily interested in getting a "second opinion" on 
their potential by discovering how they would fare in a scheme whose 
reputation, among the external sources tapped, appears to have grown with 
the years. This growth in reputation has been mainly through "grapevine" 
or personal contacts between potential applicants and actual applicants, 
both successful and rejected; no "results" are published, as they are in 
the case of the comparable high-level government service entry which is 
one of the main competitors of the scheme I am describing. 


There is a “seller's market" for likely potential managers - a 
situation likely to continue. In the scheme under discussion, only a small 
proportion of those first interviewed are invited to go forward to final 
selection boards, while two-thirds of those who reach this stage are re- 
jected after a procedure lasting one and a half days. To meet the criterion 
we are discussing both the small minority of applicants accepted and the 
large majority rejected must regard their experiences - of initial contact, 
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of application, of initial interviews, and of final board - as having had at 
least a neutral and, if possible, an over-all positive value. In various ways 
the design of the procedure attempts to achieve this result. For example, 
each group of eight applicants to reach final boards - they are known at 
this stage as candidates - meets with a central staff member and a 
psychological adviser who will shortly conduct written psychological tests. 
An initial group discussion begins with a detailed description of the final 
components of the selection process - what will happen, exactly whom 
each candidate will meet, when he will be told the result, and how he can, 
if he wishes, inquire further about this. It goes on, as a rule, to cover 
jobs, careers, psychologists, psycho-analysis, tests, the results of tests, 
and what is or is not reported to whom. The candidates learn that they 
will have an opportunity to pursue these matters further in an individual 
interview with the psychological adviser the following day, or, as may oc- 
casionally be requested, on an entirely separate and private occasion. All 
this serves to diminish unreasonable tension, and the candidates settle 
down to the initial testing procedure while trying to see the occasion as 
it is: not as the beginning of a permanent judgment but as an opportunity 
to learn something about managerial roles and to discover how each one 
of them appears to four senior executives of this particular business and 
to two relatively neutral psychologists from outside. 


On the following day, as an opening event, the eight candidates sit 
in a circle with the four selectors, and all twelve take part in a mutual in- 
troduction. Two selectors give a thumbnail sketch of their careers to date, 
the candidates follow in turn, and two selectors bring up the rear. Various 
aspects of this mutual introduction are of interest to the criterion of in- 
stitutional development we are discussing. This is, for example, usually 
the first time the eight young men have met four senior executives - 
"captains of industry," they feel - and they are often puzzled by the dif- 
ference between their expectations and what they can see of the men they 
meet. This is an important point of learning; the candidates see four 
real-life models of men in senior positions in a type of career in which 
they are interested, and in listening to the brief life histories of the four 
selectors - and in their contacts with them in later interviews - they ex- 
perience a little of the personalities of these men. In consequence they | 
can to some extent perceive how various are the people and the types of 
career within the firm. Conversely, they may conclude that this range is 
much too wide, and that they should reconsider an opening in a smaller 
firm. In any case, an opportunity is created for reciprocal assessment 
between selectors and candidates. 


One further aspect of this interpersonal assessment is significant. 
In the mutual introduction, each candidate listens to each of the other 
seven candidates as they give brief accounts of themselves and their 
careers to date. In addition, the eight candidates will spend most of the 
day together in group tasks, or in privately comparing notes of their ex- 


periences. Through this reciprocal appraisal of each other and on a back- 
ground of the sample of senior managers provided by the four selectors, 
each young man can at least obtain a contribution to his emerging self- 
image in relation to a new world. Some degree of self-evaluation - it will 
not be very accurate - is at least initiated, and on this basis there can be 
some diminution in the feeling, almost universal in those applying for a 
new type of career, that the result is entirely arbitrary and mysterious. 
If the first of the institutional criteria we are discussing is to be met, ex- 
perience of an incomprehensible outcome of selection must be kept toa 
minimum, and its vocational guidance aspect needs to be clearly recog- 


nizable. 


The second criterion suggested as a measure of institutional 
growth in a selection scheme is also difficult to quantify; but in my view 
it is even more important than the first. The scheme operates by the use 
of a selectors panel of some sixty senior managers and executives, of 
whom four are selectors on any one occasion in the final day-and-a-half 
board procedure involving eight candidates. The senior men on this panel 
are mainly chosen on a basis of interest in the scheme, as shown by their 
willingness to devote time to it and to the subsequent training of those se- 
lected by it. It must also be said that some executives who are highly 
successful operators may occasionally be less successful in this aspect of 
their managerial roles. However, to a large extent the panel is repre- 
sentative both of the United Kingdom companies and units within which the 
two years training takes place and of the senior men from which it has 
been chosen. I should add that membership of the selectors panel will 
often lead to ten years’ experience of selection, and this provides a basis 
for the second criterion of institutional status - the extent of development, 
in the members of such a panel, of a consensus on certain main aspects of 
selection. Among these are knowledge and experience of the requirements 
of managerial roles in relation to personality, and with this goes recog- 
nition of the nature of the skill required in the actual selection process. 
Selector consensus on the relation of role and personality requires agree- 
ment that managerial posts may be effectively filled in different ways by 
different kinds of people. The effective development of this point of view, 
however, requires a good deal of knowledge of the interplay of role and 
personality at different levels and in different units of a firm, and it in- 
volves assessment of the scope and limitations of roles as well as of indi- 


viduals. 


Other points of selector consensus which have a high institutional 
significance stem from understanding and sharing of a common basic ap- 
proach to appraisal of individual personality and to early management 
training. This involves understanding of the significance of test and of 
operational intelligence levels; it involves ability to assess an applicant's 
probable capacity to maintain his integrity and individuality by standing by 
or modifying his personal perceptions in appropriate situations; and it in- 
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volves appraisal of the nature and extent of an applicant's capacity both to 
co-operate with others and to differ from them without undue offense. 
Within this same area of selector skill I would also place learning about 
the distinctive roles of selector and of psychological adviser, since two 
external advisers from the Tavistock Institute take part in each final board. 


In the scheme described the role of the psychological advisers is 
initially that of clarifying the requirements of the firm, of designing the 
procedures, and of demonstrating to the selectors, particularly in early 
days, the nature of these advisory roles. Later tasks center on suggesting 
modification of the scheme to meet changing needs, and on offering to 
candidates who ask for it such counsel as may be possible on the limited 
knowledge which the adviser has of them. In the final board discussions, 
by the nature of their comments on personality, the advisers help selectors 
to retain an everyday vocabulary but to enlarge their frame of reference 
in describing what they have learned from their contact with the candi- 
dates. This also helps selectors to integrate their immediate perceptions 
and intuitions with their experience of trainees during the two years they 
spend with the companies from which the selectors come. Let me elabo- 
rate these points a little. : 


Towards the end of the second day of the final procedure the four 
selectors meet as a board with a neutral chairman - usually the head or 
deputy head of the central division concerned - to consider each candidate 
and to reach a decision about him. The psychological advisers take part 
in these discussions but not in the decisions. Each selector must initially 
give a tentative and provisional assessment of each candidate, in terms of 
"offer" or "no offer" or "doubtful," or occasionally in terms of potential 
for some appointment outside the scheme but within the firm. It is then 
the task of the chairman of the board to help the selectors reach a unani- 
mous final decision. The aggregate of the provisional judgments of the 
four selectors will have been somewhere in the range between four 
"offers" and four "no offers," but even in these extreme cases there is 
discussion of each candidate and of the observations made about him dur- 
ing the procedure. From the point of view of developing, within the selec- 
tors' panel, a consensus of the kind indicated earlier, it is important for | 
them to consider the nature of all their provisional judgments, sometimes 
after listening to their colleagues, sometimes by discussion of questions 
initiated by the president of the board, and sometimes after comments 
from the psychological advisers. 


Equally important for our present discussion is the fact that the 
successful candidates are later "placed" with individual companies within 
the business, usually after still further thought and further interviews. 
Each member of the selectors’ panel is likely, at any one time, to have 
between two and twenty of these within his particular company, and to have 
a considerable share in responsibility for training them towards manage- 


rial appointment or for deciding that a mistake has been made. From this 
continuing experience selectors can be seen to develop a considerable de- 
gree of agreement on the points mentioned earlier as components of this 
second criterion of institutional growth in a recruitment scheme, and to 
the extent that a consensus on even one standard of employee begins to 
develop, the advantages to the firm extend well outside the recruiting 
scheme we are discussing. Senior managers will usually have relatively 
clear standards in assessing potential at the levels where they work; con- 
sensus on a standard for even a minority group at a much lower level does 
something to provide two end-points between which a differential scale for 
assessing potential can be developed. 


Earlier the third criterion was defined as "reflection of standards 
of recruitment and the skill of the selectors panel in the degree of accept- 
ability of the selected 'trainee' group within the firm"; and with this, of 
course, goes acceptance of mistakes and removal from the scheme or the 
firm. You will see that this criterion is largely an emergent from the 
first two. More specifically, it means that those selected for this training 
scheme shall be easily recognizable as willing learners and, at a later 
stage, as helpful colleagues rather than privileged competitors for promo- 
tion. The abandonment of a number of trainee schemes has largely been 
based on failure to meet this criterion, but in the scheme under discussion 
the implicit "elite" principle is carried out not only by a single early 
judgment at recruitment but by a linked set of appraisals at different 
managerial levels. Such a system of differential promotion is not "closed" 
but "open." 


Some Final General Points 


How can a boundary institution concerned with recruitment, or an 
internal institution concerned with promotion, be so designed and operated 
as to have a minimal risk of fostering narrowness of outlook and inade- 
quacy of standards? The external selector or appraiser represents one 
safeguard, most familiar perhaps in the special case of the external as- 
sessor for university chairs. The analogy illustrates the need for any ex- 
ternal individual of this kind to have an extensive knowledge of general 
standards. For this reason, in the case of a firm, he will usually need to 
come from another and parallel unit, and often from within the relevant 
functional area. If we follow this safeguard a little further, it would be 
fair to say that it ends up in the use of a panel of selectors of the kind de- 
scribed earlier. 


In the recruitment scheme discussed one other safeguard against 
narrow and inadequate standards can be seen in that it is a particular task 
of the psychological advisers to emphasize that managerial roles can be 
carried out in different ways by different types of personality, and, in this 
connection, they must draw attention to any narrowness of judgment as 
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they see it. The basis of this safeguard lies in the relative width of the 
working frame of reference of the psychologist, for he is concerned with 
appraisal of personality in terms much broader than those of require- 
ments for managerial roles. This is certainly a wider basis than that 
possessed by the selectors, so the psychological advisers can assist the 
selectors to remain broadminded about types of applicants and to be 
courageous about minimal levels for recruitment. 


It seems likely that in recent years there has been a sharp in- 
crease in the penalty for failing to "grow" a management development 
scheme which can begin to satisfy the institutional criteria earlier dis- 
cussed. More than ever, there is a "market in managers." The pages of 
advertisements for them which now appear in our ever-expanding Sunday 
newspapers may be regarded as no more than evidence of the rapid growth 
of particular industries, or of the difficulties of forward-planning in man- 
agement development. There is something in this, but I prefer to compare 
these advertisements with the pages of analogous offers which have been 
obvious for half a century or more in such professional journals as those 
of medicine and education. To me, this "market in managers" is one as- 
pect of the changing nature of managerial careers. It is forcing - I feel 
that to be the appropriate word - an accelerated change-over in the atti- 
tude of firms toward management development. Situations of heavy un- 
employment have been replaced by situations in which able men no longer 
seek jobs but careers, and a career, of course, may involve movement 
from one firm to another, since both firms and managers change. The 
experience of independent agencies concerned with these movements of 
managers is relevant: able managers, it appears, will seldom tolerate a 
firm which is ostentatiously "behind the market” in salary policy; con- 
versely, the able manager, it is said, seldom moves for purely financial 
reasons. Most commonly, a positive attraction towards some new opening 
coincides with some loss of trust in a firm's promotion policy or with 
some malaise in the climate of the immediate working group. The impor- 
tance of this type of self-initiated managerial turnover is that it is the 
more creative and the less easily satisfied managers who will tend to 
leave firms which are unable or unwilling to provide the adaptation and 
innovation needed both by them and by their managers. In firms charac- 
terized by continuous adaptive efforts and by the existence of management 
development schemes with some degree of institutional status it is unlikely 
to be the creative men who leave. 
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I. INTRODUCTION 


Recent sharp growth in numbers andassets of captive finance com- 
panies2 is of economic interest on two principal scores: (1) it is the debut 
of a group of large financial intermediaries, and (2) it has produced as- 
sertions that the captives represent an advance incorporate financial tech- 
nique. Several topics within these broad areas are significant. Under (1) 
we might point out that, like the kindred commercial and sales finance 
companies, the captives intermediate between the capital and money mar- 
kets and nonfinancial borrowers. The captives are differentiated from the 
independent finance companies in that many lend on security tolerated at 
best and often rejected by the independents, their lending buttresses the 
sales goals and credit policies of the parent companies, and they probably 
assume greater exposure to risk. The assertion under (2) rests upon an 
"advantage" which allegedly stems from the ability of a captive to finance 
a portfolio of notes receivable with heavier proportions of debt than could 
have been used if funds had been drawn from a conventional capital struc- 
ture of a nonfinancial parent corporation. 


This paper is a progress report from continuing research on cap- 
tive finance companies. Emphasis is placed here upon the first of the two 


1 assistant Professor of Business Administration, Harvard University. Statistics 
presented in this article were assembled while I was a member of the faculty of the 
School of Industrial Management at MIT. Research was generously financed by the 
Sloan Foundation. A succession of research assistants placed me in their debt, and 
although numbers prevent individual recognition, it is a pleasure to acknowledge their 
help. A number of colleagues offered helpful criticisms of an earlier draft, and I am 
grateful for their contributions. 


_— purposes of this paper captive finance companies (a) are defined to be financial 
subsidiaries of nonfinancial parent corporations dealing in greater than local mar- 
kets with (b) assets composed predominantly of notes receivable. The former re- 
quirement eliminated the many local captives of automobile dealers and merchants, 
and the latter eliminated other subsidiaries which are primarily financial but uncon- 
nected with the kind of lending considered here. 


broad areas of interest outlined above; that is, captive finance companies 
as suppliers of funds. Sections II and III present, respectively, a brief 
background of the captives' operations and quantitative data. Speculation 
in the last two sections attempts to show the need for exploration of the 
captives’ characteristics as lenders and the need to test their alleged su- 
periority as devices for financing credit extension by nonfinancial corpora- 
tions. These last two sections are both an invitation to more research and 


a chart of its early steps. 


To the best of my knowledge this is the first time that quantitative 
data for a large sample of these companies have been gathered and pub- 
lished. There has, however, been considerable notice taken qualitatively 


of the growth and function of the captives.3 


Il. OPERATIONS OF THE CAPTIVE COMPANIES 


Marketing Policy Pressure 


The captive companies finance the inventories of distributors 
and/or dealers and/or they hold the notes receivable generated by final 
sales. Their assets are, therefore, almost entirely wholesale financing, 
i.e., claims secured by inventory, or retail installment receivables. 


A common feature of the subsidiaries is their involvement with the 
marketing of goods which are high priced relative to the resources of the 
merchandiser or ultimate owner, and sometimes both. In producers goods, 
for illustration, we see captives financing inventories and/or sales con- 
tracts of truck trailers, light aircraft, commercial air conditioning, tele- 
phone switchboards, farm machinery, earth moving equipment, and com- 
mercial laundry machinery. In consumer goods, captives finance auto- 
mobiles, mobile homes, consumer appliances, prefab housing, tires, home 
furnishings, music instruments, and the great variety of goods marketed 
by the department store - mail-order houses. 


The subsidiaries vary greatly in their purposes and lending, but 
we may profitably oversimplify and describe those of manufacturers and 


those of retailers as archetypes. 


Manufacturers' Subsidiaries 


Little imagination is required to envisage how financial pressure 
is transmitted backward through the marketing apparatus from the final 
purchaser and/or dealer tothe manufacturer in product lines such as those 
named above. Thinly financed buyers, whether businesses or consumers, 
are susceptible to the blandishments of installment credit. This invites 


Sref. (12), pp. 489-490, 495, (2) and (11). 
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competitive credit extension and resultant burdensome receivables port- 
folios, which the distributive trades often cannot shoulder. 


To the trade industry's problem of financing receivables is added 
the necessity of carrying high unit value inventories, a demand for funds 
often severely accentuated by seasonal peaks. 


_ The range of sources of funds on which trade businesses may draw 
is typically not great. Access to the financial markets for this group fre- 
quently consists of bank borrowing and little else. Unincorporated busi- 
nesses, which are a high proportion of the trade industry, cannot draw 
upon the securities markets, save perhaps through commercial and resi- 
dential mortgages, and access for small corporations is relatively ex- 
pensive when it exists. The market for direct placements and term loans 
is the most likely source of long-term funds for small corporate bor- 
rowers, but even through this method the obstacles to borrowing on the 
small scale of most local distributive corporations are great. In short, 
the problems of long-term finance for small business prevail. 


I offer no proof now, but circumstances of the 1950's could have 
converged to channel pressure from the trade industry to manufacturers. 
Either or both the thrust of the inventory accelerator and receivables 
growth during a period of sales expansion could have forced trade busi- 
nesses to seek external financing. A bottleneck in access to long-term 
funds would have shunted demand to short-term lenders. If other short- 
term lenders were unable or unwilling to provide funds to the trade in- 
dustry, the finger could have pointed at manufacturing suppliers .4 


In any event, the manufacturer's captive finances its parent's 
products through the marketing chain. Inventory in the hands of distribu- 
tors and dealers is secured to the subsidiary by one of the conventional 
title retention devices. Some few manufacturer's subsidiaries extend only 
inventory financing, but more commonly they also discount the notes re- 
ceivable generated by sale to the final purchaser. Discounting is done 
under a variety of arrangements, some with recourse, some without. 
Usually these receivables are generated by sale of the parent company's 
products, but fear of action under the Robinson-Patman Act has compelled 
the larger captives in consumer appliances to accept any receivable. 
Some examples are known of active expansion by captives into product 
lines of other companies. 


‘come research is cited below which argues that manufacturing corporations have 
indeed functioned this way in recent financial episodes. 


Without pretense at universality of application we might quote from 
an internal company publication to illustrate. 


Generally the terms of "credit type” sales of new and used 
trailers by the (confidential) ... to its customers, either direct or 
through dealers ... vary in the amount of down payment required 
. . . The installment notes represent the balances due on these sales 
after these down payments, and are secured by recorded conditional 
sales contracts ... 


(The financial subsidiary) has full or partial recourse against 
dealers for balances owing in sales financed by a dealer through the 


company. 


The floor plan agreement provides that, if the equipment 
is sold during the period covered by the note, the unpaid balance 
shall become due and payable. The notes are secured by recorded 
trust receipts and unrecorded chattel mortgages or conditional sales 
contracts... 


Trade Industry Subsidiaries 


A financial demand posed by a different kind of marketing problem 
has led to formation of captives by trade corporations. The department 
store - mail-order houses which extend installment credit on consumer 
hard and soft goods have been faced with burgeoning portfolios of receiv- 
ables produced by rising sales, by liberalization of credit terms and by 
sales composition shifting in the direction of installment purchases. Thus, 
the retail trade captive is an outgrowth of sales policy of the parent just 
as is the subsidiary of a manufacturer, but in retailing the captive need 
not finance inventory through intermediate stages of distribution. Its pri- 
mary asset, therefore, is a consumer installment note receivable. 


A quotation from a prospectus of the Sears Roebuck Acceptance 
Corporation (SRAC) will illustrate. 


The Company (SRAC) has entered into an Agreement with 
Sears (the parent) ... under which Sears sell and assigns to the 
Company all conditional sales contracts . . . arising out of merchan- 
dise sales made by Sears in such retail and mail-order outlets as 
are mutually agreed upon from time to time. 


All such sales of Contracts to the Company are without re- 
course against Sears ... 
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Il. GROWTH OF COMPANIES AND ASSETS 


Number of Active Subsidiaries 


The author has identified 102 financial subsidiaries of 90 parent 
corporations active inthe post-World War II period through 1960.° Table 1 
is a breakdown by two-digit industry of the number formed in each year. 
The concentration of subsidiaries in the high-ticket, hard goods industries 
is evident. Nonelectrical machinery, including the earth moving and agri- 
cultural equipment makers, had the greatest number at the end of 1960 
with 20 captives. Transportation equipment with the auto, truck, and truck 
trailer producers included had the second largest number with 18. The 
appliance makers in electrical machinery were primarily responsible for 
the 16 captives in electrical machinery. In total these three industries, 
then, accounted for more than half the active subsidiaries formed after 
World War II. Lesser concentrations exist with the cotton-seed producers 
in food and kindred products and in retail trade. 


A second conspicuous characteristic of these captive company 
births is their heavy concentration in the years 1953 to 1957 and to a re- 
duced extent afterward through 1960. At the outset of the postwar era 
14 subsidiaries were active. Relatively few additions were made through 
1952. To the total of 29 existing then, however, 56 were added through 1957 
to raise the figure to 85. Twenty-one more captives were added between 
1957 and 1960, which was a pacesharply reduced but still materially higher 
than that of the early postwar years. 


Growth of Companies and Assets 


From various sources complete balance sheet data® have been as- 
sembled and aggregated for 65 companies operating between the end of 
World War II and the end of 1960. Table 2 shows these data in dollars and 
a percentage breakdown of total assets and liabilities. The extreme right- 
hand column of the table is a record of the number of active companies 
tabulated in each year. The number in any year differs from the total 
because of deactivations and some few discontinuities in availability of 
figures for small companies. 


‘, statement of the means used and an elaboration of criteria employed for inclusion 
appear in Appendix A. 


6 «complete balance sheet data" are defined to be balance sheets for every year of a 
company's existence after World War II through 1960. For example, General Elec- 
tric Credit Corporation has existed since the 1930's so that complete data would be 
comprised of ‘balance sheets for every year in the period 1946-1960 inclusive. On 
the other hand, for a company which had been formed, say, in 1955, complete data 
would be balance sheets for the period 1955-1960. Companies which discontinued 
activity before 1960, of course, would be included for only those years of their active 
life. For a description of sources and methods of collection see Appendix B. 
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Total assets, shown in column 6, rose from the presumably war- 
shrunken base of $0.3 billion in 1946 to $9.2 billion in 1960. Since GMAC 
is a case apart, column 7 shows total assets less those of GMAC, and is in 
one sense more representative. Because the absolute base of 1946 was 
small, proportionate expansion of non-GMAC assets through 1953 was siz- 
able, but in absolute terms had reached only $0.8 billion. Thereafter, ab- 
solute expansion was impressive. A net addition of $3.1 billion was made 
to non-GMAC assets through 1960 to raise the total to slightly under $4.0 
billion. Paralleling the growth of the number of companies, much of this 
came during the 1955 to 1957 boom and in 1959 and 1960. 


The $6.9 billion of retail notes receivable outstanding’ in 1960 
equaled almost three-fourths of the total. In the period since 1952 this 
proportion ranged in the 70 percents. GMAC held $3.9 billion of the retail 
financing outstanding in 1960. Wholesale or inventory financing mounted 
to $1.8 billion in 1960 from almost a negligible absolute level at the outset 
of the postwar period. 


From the foregoing it is clear that other kinds of assets made up 
only minor portions of the total. Except for immediate postwar years, 
cash and cash equivalents were low fractions of total assets. Although 
balance sheet condensation in Table 2 eradicates the distinction between 
cash and securities holdings, the author's worksheets show that securities 
were virtually negligible - less than 0.4 percent at the end of 1960. Mis- 
cellaneous assets equaled 1.6 per cent of the total in 1960, and fluctuated 
below this figure in all the years shown here. This category is composed 
of term loans, leased assets, and a wide assortment of other assets, all 
negligible in total, though any one may be important to an individual com- 


pany. 


The captives draw the bulk of their financing from the debt market. 
Over the postwar years reliance on various types of debt shifted notice- 
ably. In the years through 1952 short-term borrowing, consisting of bank 
loans and commercial paper, comprised the single most important cate- 
gory of debt financing. Except for 1946 total short-term debt ranged in 
this period between 46 per cent and 53 per cent of total sources. There- 
after, it comprised between three-tenths and four-tenths of total financing. 


Commercial paper tended to be the largest of the two components 
of short-term borrowing. Through 1953 it was not uncommon for com- 


T?he term "retail financing" is not synonymous with consumer credit. Final sales 
of procedure goods are classified here as retail financing.. This would be called 
equipment financing or time sales financing in many discussions. In fact, much of 
retail financing by the captives is consumer credit in the electrical machinery in- 
dustry, all of it in retail trade, and most of that done by GMAC in transportation. 
equipment is consumer finance. 
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mercial paper to comprise more than one-fourth of total financing, but in 
the years thereafter the fraction was close to one-fifth. No breakdown of 
the total into directly placed and publicly sold paper is available yet, but 
the author has the impression that most is sold directly. 


The tendency for short-term debt to decline in proportion to total 
financing also shows in the proportion of bank loans in total sources. Be- 
fore 1953 bank loans ranged between 20 per cent and 30 per cent of all 
sources of funds, but afterwards fluctuated between 15 per cent and 20 per 
cent. Whereas long-term debt comprised inthe neighborhood of one-fourth 
or less of total financing through 1952, it remained above two-fifths of the 
total in the years 1953 to 1959. The bulk of long-term indebtedness is and 
has been unsubordinated. 


Except for the early post-World War II years borrowing from 
parent companies supplied a relatively small amount of total financing. A 
minor amount is subordinated. It is not proportionately significant in the 
aggregate, though for individual companies it sometimes plays animportant 
role. 


Equity committed to the captives in this sample - by the parent 
companies alone save for one exception - equaled more than 10 per cent 
of total sources in 1960. Loss reserves comprised in the neighborhood of 
1 per cent of total sources. 


Industry Distinctions 


Breakdowns of captive company assets in four industries appear in 
Table 3. The industries covered are nonelectrical machinery, electrical 
machinery, transportation equipment, from which GMAC has been sub- 
tracted, and retail trade. These four industries accounted in 1960 for $3.6 
billion of the $3.9 billion of non-GMAC assets. 


Assets held by captives in nonelectrical machinery climbed steeply 
from a nominal level in 1952 to $1 billion in 1960. The recessions of 1954 
and 1958 interrupted orslowed the rise. Wholesale notes receivable ranged 
mostly between 50 per cent and the low 60 per cents. In absolute terms 
wholesale financing rose with cyclically booming sales in 1950 to 1951, 
1953, and 1955 to 1957, presumably because distributors were building in- 
ventories under the thrust of the inventory accelerator. Retail notes re- 
ceivable were, of course, the other major asset, ranging in the years of 
sustained growth between one-fourth and over two-fifths of assets. Since 
1955, there has been a strong tendency for retail financing to expand rela- 
tive to the total. 


In electrical machinery, with the numerous captives of the con- 
sumer appliance manufacturers, the advance of totalassets was more even 
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and dated farther back than in the case of nonelectrical machinery. The 
second half of the postwar period, however, witnessed greater growth as 
assets rose from slightly under $0.3 billion in 1953 to $1.2 billion at the 
end of 1960. Heavy consumer sales by the appliance makers resulted ina 
preponderance of retail notes in total assets throughout the period under 
study, but in the years since 1955 wholesale notes rose in relation to total 
assets from 7.4 per cent in 1954 to 15 per cent in 1960. 


The captives in transportation equipment (sans GMAC) had a rising 
level of total assets extending back to the immediate postwar period, but 
cyclical influences twice interrupted year-to-year growth. From a neg- 
ligible $17 million in 1946, assets climbed to over $0.8 billion in 1960. In 
the latter half of the postwar era retail notes hovered in the vicinity of 
four-fifths of total assets and wholesale notes were roughly steady around 
10 per cent. 


Captives for which we have data in the retail trade are relative 
latecomers. Since 1957, assets, composed almost entirely of retail notes 
receivable, rose from $153 million to $621.7 million. 


Receivables Held by Captives Related to Reported Statistics 


With some very few exceptions the Quarterly Financial Report for 
Manufacturing Corporations reports receivables held only by nonfinancial 
parent corporations. It is of interest, therefore, to see the receivables 
held by credit captives in manufacturing in relation to reported figures in 
Table 4. 


The captives' receivables climbed relative to reported receivables 
in all three manufacturing industries shown over the postwar period. Cap- 
tives in nonelectrical machinery held a sharply ascending fraction after 
1956, but in electrical machinery and transportation equipment growing 
significance of the captives’ holdings dated back to 1953 or 1954. By the 
end of 1959 receivables held by captives in nonelectrical and electrical 
machinery had risen to over one-fifth of those held by nonfinancial cor- 
porations. By the end of 1960 the figure was almost 19 per cent with 
GMAC removed from the captives in transportation equipment. 


There seems to be good ground for thinking that research results 
predicated on the receivables reported in the Quarterly Report have suf- 


fered from understatement. This comment applies with particular force 
to recent research which has depended upon receivables holdings of cor- 
porate manufacturers as a measure of gross credit flows to other seg- 
ments of the economy. 
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IV. THE CAPTIVES AS A PART OF BROADER 
FINANCIAL DEVELOPMENT 


Growth in number and total assets of the captives is interleaved 
with broader developments in the financial markets. The discussion here 
relates the timing of the captives' burgeoning to the behavior of inter- 
business financing during recent business fluctuations and relates the 
character of their loans to maturation of the financial system. Emphasis 
is placed on the latter, but evidential limitations make the argument main- 
ly heuristic. 


The Captives' Loans as a Specie of Trade Credit in Recent Cycles 


Trade credit has been recognized as animportant element of inter- 
firm financing and a responsive, flexible credit flow far back in our 
history, and evolution of a number of devices for short-term lending traces 
back to its usage. Sayers and Foulke noted the role played by mercantile 
credit during the 19th century.8 Lavington noted the function of trade 
credit in Great Britain in the early 20th century,? and for the American in- 
stitutional environment Jacoby and Saulnier!9 and also Goldsmith!! have 
considered the interaction of bank lending and trade credit in financing 
business for earlier periods. 


The particular conditions of the fifties evoked their own response. 
Research has suggested that the flow of net trade credit!2 from the cor- 
porate universe during the 1955 to 1957 boom financed smaller and/or un- 
incorporated businesses, 13 and was spurred by shortage of supply in the. 
bank loan market. It is impossible toclinch the point that the credit flowed 
systematically fromthe larger corporation universe to smaller businesses, 
but balance sheets suggest this.14 Duringthe 1955 to 1957 boom, corporate 
manufacturers reduced their liquidity inassociation with rising short-term 


Scited in Ref. (9), footnote 2. 


(8), Chapter XLII. 


10 (7), p. 960. 


Met. (6), p. 215 and 247. 


a that trade receivables exceed trade payables, implying that loans extended 
via receivables exceed loans received via payables. 


13 Ref. (4), pp. 4-5, and Ref. (12), pp. 25-26. 


14 nota from the Statistics of Income by size of firm do not break down notes and ac- 


counts payable. Thus, it is impossible to net trade payables directly against re- 
ceivables for breakdowns by size of firm. 


interest rates and tightening bank reserve positions.15 Also, the ratio of 
net receivables to sales rose in association with growing sales for cor- 
porate manufacturers with assets over $50 million in the 1955 to 1957 
period. Coupling these observations, it can be inferred that sales support 
was derived from liberalization of credit terms amounting, presumably, 
to extension of credit to mostly nonmanufacturing businesses. 


A continued rise of the net receivables/sales ratio for manufac- 
turing corporations after the years of peak interest rates and during 
periods of monetary ease vitiates the plausibility of the contention that 
rationing in the bank loan market was responsible for the growth of net 
receivables outstanding.16 Correlation of large manufacturers’ sales 
growth with lengthening net receivables may exist for the years after 1957 
as it did for 1955 to 1957. If so, competition among large firms at the 
level of credit extension may bear the greater burden of explanation. A 
firm with a comfortable liquidity position at the outset of a period of credit 
shortage will be affected primarily through restraint upon the ability of 
prospective customers to make purchases, rather than by direct impact of 
policy restraint. Of course, limited lending capacity of the banking sys- 
tem and reduced liquidity of other business firms would have provided the 
fertile ground upon which these policies fell.. 


The growth of the credit captives may have been a response to the 
same forces leading to these developments. Peak rates of captive company 
formation and asset growth coincide in time with expanding gross credit 
flows from corporations. Size and industry of parent company lenders and 
borrowers through traditional trade credit and through captives corre- 
spond closely. Industry clustering of the captives may be explicable in that 
credit terms loosening throughout an industry would presage growing re- 
ceivables stocks and force adoption of an expedient in financing technique, 
viz., a credit captive. 

N 

Confirmation of the linkage of captive companies with the forces 
which have produced growth of net receivables more generally in the last 
half-dozen years must await probative testing at the level of the firm. 


15 pet. (9), pp. 430-431. 


16 pet. (5), pp. 3-4. 


LT hough this is anything but clearlytrue. If a captive is conceived of only in its role 
as a financing device, its advantages would presumably apply to receivables port- 
folios of any length. Of course, a portfolio marked by slowing turnover would ac- 
centuate the problem of the financial manager, and perhaps provoke a response after 
some threshold level had been reached. Thus, the captives would be associated in 
individual firms with receivables growing relative to sales and probably relative to 
total assets. 
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The Captives as a Refinement of the Capital Market 


A capital market functioning perfectly in a world with risks and 
lending costs would produce interest rate differentials traceable to their 
influence. Loans of equivalent risk would bear the same rate of interest 
throughout the economy as the mark of the market's allocational efficiency. 
Competitive pressure would assure the market's operating efficiency. 
Rationing and nonactuarial yield differentials between equivalent risk and 
equal cost loans would be symptomatic of imperfection of the market. 


Broadly, then, the captives improve upon the mechanism of funds 
allocation if they remove or reduce uneconomic rate differentials, alleviate 
rationing, or cut borrowing costs by improving operating efficiency. Vis- 
ible evidence of market refinement would be arbitrage by the captives be- 
tween the capital and money markets on one hand and borrowers on the 
other hand who are unable to draw directly upon the same markets or un- 
able to do so at rates better thanthose offered bythe captives. In this role 
the captives would function as the independent finance companies and leas- 
ing companies do. Reduction of loan costs will not be visible externally. 


Some Possible Sources of Novelty in the Captives' Lending 


Some of the captives' capacities as risk evaluators and bearers 
suggest that they are geuninely innovative lenders, and that their ability, 
through joint use of facilities and personnel, to exploit semi-fixed and fixed 
costs of the parent makes it possible to achieve cost reductions in loan ad- 
ministration. It is argued sometimes that the perspective of local bankers 
and trade suppliers and their access to local information enables them to 
evaluate more accurately and accept risks which are exaggerated in the 
eyes of more remotely situated lenders. The manufacturers’ captives 
share this advantage, and add others through their association with dis- 
tributors and dealers handling the parent company's line of goods. Usually, 
field representatives of a parent manufacturer do double duty in their visits 
to dealers and distributors in checking the physical security underlying in- 
ventory lending. Also, as a result of the sales connection between parent 
manufacturer and marketing apparatus, the captive is automatically privy 
to a certain amount of information about the financial condition of dealers 
and distributors ordinarily obtainable by outside lenders only at the sig- 
nificant cost of repeated audits and sustained surveillance of the quality of 
receivables. 


Since a captive contributes to sustaining its parent company's sales 
rate, a part of its profit is buried in the parent's profit figure. It foiiows 
that a captive could manipulate interest cost and otherterms of its lending 
for the sake of increased manufacturing or merchandising profit. Thus, 
increased assumption of risk and its fruits may be difficult to trace. 


Another nuance is the favorable situation of the captives in some 
manufacturing industries regarding their ability to repossess without loss 
or with minimal loss. Banks are unwilling to lend on heavy equipment 
when the second hand market is thin, and this is often the case in sparsely 
populated areas. Since the parent can easily recondition and resell re- 
possessed equipment, however, the captive is ideally postured to assume 
this risk. Risk is minimized for the captive lender on retail paper too. 
When default occurs on retail paper, banks and independent sales finance 
companies have little recourse except repossession with all the hazards it 
entails but, through the compulsion of franchises and, perhaps, lack of al- 
ternatives open to dealers in financing, the captives often are able to exact 
partial or complete recovery from the originating dealer. 


Fragmentary Inferences About the Character of the Captives Lending 


Solely on the basis of the types of loans made by the captives there 
is no ground for asserting that they are innovative lenders. The extent of 
the captives' lending on secured forms, however, argues otherwise. The 
development of secured lending has been crucial in widening the avail- 
ability of funds to credit risks otherwise unacceptable to lenders. How- 
ever, inventory has played a relatively minor role. In fact, it is treated 
usually as an unwanted stepchild, a lead to profitable receivables financing. 
Equipment financing is more marketable, but by comparison with pre- 
viously existing sources, the captives have emerged as quantitatively 
significant lenders on this type of security as well as inventory. For illus- 
tration I will rely solely upon the considerable data accumulated by the 
survey of credit and capital sources conducted by the Federal Reserve 
System early in 1958 and upon surveys of member bank loans to business. 


An interview survey of representatives of more than 670 commer- 
cial banks indicated in 1958 that approximately one-half made loans se- 
cured by inventory "relatively frequently." Significantly, perhaps, small 
banks in small communities reported less inclination to make relatively 
frequent use of inventory loans than their larger brethren in larger com- 
munities .18 


The last date for which we have a cross-section of secured mem- 
ber bank loans outstanding is October 1955. Of $30.8 billion outstanding 
then, $1.448 billion was secured by inventory. Wholesale and retail trade 
had, respectively, $573 million and $273 million.19 The captives tabulated 
and presented in Table 2 held $936.7 million of wholesale notes receivable 
in 1955, virtually all outstanding to trade businesses. Through 1960 the 
captives’ floor plan loans grew to $1.796 billion, but we have no compara- 


18 et. (12), Table 6, p. 405. 


19 Ref. (3), Appendix, Table 3, p. 1126. 
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tive figures for the banking system then. The place of inventory financing 
in the operations of commercial finance companies and factors is evident 
from the paltry $46 million of inventory financing outstanding in the ag- 
gregate a billion portfolio of business loans of 30 companies at the end 
of 1956. 


The 30 commercial finance companies and factors cited above had 
committed about 31 per cent of their assets, or $314 million, to equipment 
financing loans in 1956.21 Commercial banks had equipment-secured loans 
of $2.2 billion outstanding in 1955,22 but this consisted primarily of direct 
loans to the purchaser. Unfortunately, we cannot pinpoint the amount of 
equipment financing by the captives for direct comparison. The $507 mil- 
lion retail financing held by captives in nonelectrical machinery and $649 
million in transportation equipment sans GMAC is probably almost solidly 
_ equipment sales financing of the sort under discussion. An indeterminate 
but substantial fraction of the more than $895 million of retail paper held 
by captives in electrical machinery was installment financing of equipment. 


An analysis of member bank loan practices during 1955 to 1957 
failed to show discrimination against small businesses either in quantita- 
tive rationing or interest rate charges.23 Thus, rather than burgeoning 
captive company loans being refugee requests as a cyclical money market 
phenomenon, it is more plausible, but still unproved, that the inventory and 
equipment financing which the captives originated during this period repre- 
sented a fund flow into a segment of the credit structure feebly supplied 
perennially. 


Some incidents have come to light which are consistent with the 
proposition that some captives have for a time made loans not marketable 
elsewhere in the financial system, and that their activity led to imitative 
competition by other lenders which permanently (?) changed the availability 
of funds to these types of loans. A number of corporate financial officers 
have insisted to the author that they would like nothing better than to be 
out of the finance company business, and some have succeeded in getting 
out when the "need" for their captive evaporated with the adoption of more 
charitable (or aggressive ?) attitudes by the banking community toward the 
type of paper generated by the parent company's operations. Several in- 
stances of liquidation are attributable tothis, and, after years of expansion, 
at least one of the oldest and largest captives has found the growth of its 
assets stymied by competition of banks for eligible paper. 


20 
Ref. (12), Table 1, p. 451. This survey covered companies with an estimated one- 


half of total assets of commercial finance companies and factors. 


2 
Iref. (12), Table 1, p. 451. 


aa ot. (3), Table 3, p. 1119. 


23 Ref. (1). 


A particularly interesting dimension of the captives’ lending is its 
geographical distribution. Officers of several different captives in dif- 
ferent product lines have stated in interviews that the bulk of demands 
upon them for financing comes from areas where banks are thinly seeded; 
in states and areas where banks are plentiful and/or aggressive no paper 
comes to the captive. The same comment appears to apply less extensive- 
ly to the independent finance companies. The captives draw funds heavily 
from the commercial paper and bank loan markets, usually without geo- 
graphical limitation, and redistribute the funds through a national ap- 
paratus; thus, an extremely important function is performed in knitting 
together separate loan markets. 


V. CAPTIVE FINANCE COMPANIES, ASSET AND CAPITAL 
STRUCTURES, AND COST OF CAPITAL 


Here we consider the effects of captive finance company operation 
upon the asset and capital structures of parent and subsidiary, outline the 
moot issues of the reality or unreality of the supposed usefulness of cap- 
tives as a device to lower cost of capital, and very briefly indicate the 
obstacles in the path of verification or denial of the captives' alleged 


advantages 24 


Before proceeding it is imperative that we state precisely the 
financial effects of using captive finance companies. First, a liquid asset 
is disengaged from the asset structure of the nonfinancial parent, and a 
wholly owned subsidiary is formed to hold it. Second, matching the asset 
holdings, a capital structure is created consisting of debt in multiples of 
an equity base. Consequently, the proportion of debt financing in an inne. 
inary consolidation of parent and subsidiary claims structures is raised. 5 


To pick the extreme for illustration, the ratio of all kinds of debt 
to equity of General Motors Corporation, not including GMAC, at Decem- 
ber 31, 1960 was 0.347. With GMAC consolidated, the ratio is an inter- 
esting 1.15. Debt was 25.8 per cent of total assets of the deconsolidated 
parent and 53.5 per cent of consolidated GM and GMAC assets. All of this 
while the parent company has exactly one modest issue of long-term debt 
outstanding. In short, the creation of a legal shell for ownership of notes 
receivable, it would be argued by some, has enabled the parent company 
to parlay asset segregation into leverage ratios known only rarely in 
prospectively solvent nonfinancial corporations outside the utilities. The 


246 disregard administrative conveniences entirely, and concentrate solely on 
questions of capital structure. 


25 Typical bank credit lines provide for bank borrowing to the extent of three or four 
times equity plus subordinated indebtedness. In practice ratios run higher or lower 
depending on size and age, and on factors unique to individual cases. 


ug 
ape 
1 
4 
4 


object in this, according to many statements received by the author in in- 
terviews, is to finance an asset stock with "cheap" debt funds. 


Can the Sum of the Parts Be More Than the Whole ? 


Allegedly, segregation of the portfolio of receivables from other 
assets reduces the risk borne by creditors of the captive. A low-risk 
asset structure composed of liquid, determinate-life notes receivable 
backed by some title retention device acts as security. Thus, through 
creation of a prime credit shell, debt/equity ratios for the captives are 
achieved much closer to those typical for independent finance companies 
than for nonfinancial corporations. 


As a matter of empirical fact there is nearly always a clean break 
between parent and captive with respect to liabilities. There are instances 
of parent guarantees, wernt or full, of the subsidiary's borrowing, but 
they are relatively few. 6 More frequently, the quality of the subsidiary's 
notes is upheld through repurchase agreements maintained with the parent, 
though this is far from being a universal feature. Of course, the notes 
are - so far as I know - invariably purchased at less than full face value. 
Also, as a point for the reader's information, nearly all parent companies 
deconsolidate their active credit captives in published financial statements. 
The captive's statements may or may not be published. 


Does the captive realize leverage advantages that are really un- 
obtainable by other means? If a captive company does, in fact, enable the 
parent to raise its debt/equity ratio, is this supposed advantage real? 


It is easy enough to cite analogous means of financing a company's 
receivables which provide leverage equaling that obtained through the cap- 
tive device. By lending on the security of receivables to the extent, say, 
of 80 per cent of the face amount, a financial institution provides a 
debt/equity ratio for the financing of that asset of 4 to 1, fully the equal of 
the leverage enjoyed by most captives. Assignment of open book accounts 
receivable to commercial finance companies in continuing arrangements 
would provide leverage of the same order as a captive. 


26 

Most of the bank loan officers contacted by the author are of the opinion that, 
whether a formal parent guarantee exists or not, default by the subsidiary would not 
be allowed because of its deleterious effect on the parent's credit. It is uncertain 
whether this is true or not. Irrespective of its truth or mere wishfulness, however, 
bankers are discomfited by the recalcitrance of parent companies in granting guar- 
antees. The author is at a loss to understand the fondness for parent guarantees. 
Barring "imprudent" management, the security of receivables is so much greater 
than that of the illiquid brick and mortar of the parent that its default would precede 
that of its subsidiary. 


Moreover, it would be difficult to maintain in abstraction that the 
segregation of receivables in a captive offers creditors a form of security 
not otherwise available. The one-time pledge of receivables as collateral 
on, say, a 60-day bank note is closely analogous, and the assignment of 
open-book receivables in continuing arrangements for the advancement of 
revolving credit is even closer. The intrinsic security of receivables is 
their liquidity, and segregation for the lender's benefit by different means 
could perhaps differ nominally in form but not in effectiveness so long as 
it was legally defensible. Working capital restrictions for bondholders' 
protection, closely analogous in effect to receivables segregation, are an 
old story. In this respect the captive is not a new technique. 


Thus, it is not at all clear that leverage obtained in financing re- 
ceivables via the captive device is significantly different and that security 
offered is a departure from what could be achieved by other means. When 
queried, corporate managements have replied, not invariably but nearly 
so, that although these points are true in abstraction, prejudices (unthink- 
ing?) in the lenders' world against balance sheets of nonfinancial cor- 
porations with heavy debt/equity ratios prevent attainment of the desired 
leverage without the separation of captive and parent company. Deconsoli- 
dation of a captive cleans up the right hand side of the parent's balance 
sheet. 


I can only comment that deconsolidation cannot evaporate liabili- 
ties, or at least it shouldn't. 


Muddy as the water is on this score, though, it seems clear in 
comparison with the second objection which questions the very financial 
goal of the captives - the use of leverage. A recent controversial theo- 
rem has it that average cost of corporate capital is a constant independent 
of capital structure. The premise supporting this proposition is that the 
characteristics of an income stream are produced by a given asset struc- 
ture irrespective of the capital structure which is its financing, and that 
the various divisions of this income stream between classes of claimants 
cannot raise total market value of bonds and stock outstanding. If dispari- 
ties develop between market values of levered and unlevered firms with 
the same basic characteristics of income, as determined by assets, a 


27 the validity of this point does not depend in any way upon whether or not the cap- 
tives are innovative or redundant lenders. One might be tempted to, say at first, 
blush, for example, that banks might be willing to lend on the security of receivables 
held by a captive but not on the same security on their own account, and that this in- 
dicates the security form of the captive is significant. But the point is precisely that 
the captives differ little from conventional receivables lending in the form of security 


they offer. The paradox would lie really in, say, a bank making the loan in one in- 
stance and not making it in another case on essentially the same security. 
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profit incentive will exist for investors to divest themselves of the securi- 
ties of the overvalued firm andacquire the higher rate of return securities 
of the undervalued one. The argument runs to the effect that the portfolio 
switching necessary to do this will throw overvalued securities on the 
market and add to the demand for undervalued ones, and equation of values 
will prevail in equilibrium.2° 


The view contained in this argument is very much to the point in 
the case of the captive companies. Since, with exceptions unimportant 
here, the captives are wholly owned subsidiaries, the risk shouldered by 
holders of the parent company's equity is precisely the same as if the re- 
ceivables held by the captive had been financed and secured comparably 
within the financial structure of the parent .29 Giving creditors prior claim 
on a prime asset will vitiate the equity holders position. The "arbitrage" 
process contemplated in the argument outlined above should, therefore, 
perform to hold the average cost of capital on a level equal to that of un- 
levered firms of the same risk. Incorporation of "low cost debt" in the 
subsidiary's claims structure, and indirectly in that of the parent, should 
result in a re-evaluation of the parent's total earnings stream by the equity 
market which will result in reduction of the market value of stock out- 
standing. According to the theorem, the cost of equity will rise as more 
debt is incorporated, precisely offsetting the effect of the cheap debt. 


The importance of this argument is acute if the captives turn out 
to be intermediaries between risk loans and the financial markets which 
will not service the loans directly, or which would not have permitted the 
parent to deh finance the receivables through a conventional asset and 
capital structure. Having rejected direct association with the risks in- 
volved, the financial markets are obliged in theory to reassess their valua- 
tion of the earnings stream implicit inthe earnings/price ratio of the stock 
of a parent, especially since the consummation of financing for the captive 
implies that satisfactory guarantees of fixed claims have somehow been 
peeled off from the parent-captive combine leaving the chaff for equity 
claimants. 


The profession is not agreed on the point that average cost of capi- 
tal is independent of the debt/equity structure. Our point here, however, 
is not to broach this argument but only to frame this aspect of the credit 
captives within recent theoretical developments andthus sharpen the issue. 
Whether leverage of the captives somehow betters the lot of the common 
stockholder is but one specie of a genus of corporate capital structure 
problems. 


7 tenate readers will recognize this summation of Modigliani and Miller in 
Ref. (10). 


3 the same leverage attainable with and without a subsidiary. 
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CONCLUSIONS 


Impressive growth of inventory and installment receivables lending 
by captive finance companies seriously extends the role of parent corpora- 
tions as financial intermediaries. Questions of both theoretical and prac- 
tical significance attach to the captives' operations. Our factual knowledge 
of the mushrooming captives is regrettably slim, and, perforce, interpre- 
tation of their economic significance is fragile. We have, though, blocked 
out broad areas for inquiry. 


Despite origins and marked asset growth of the captives in periods 
of cyclical sales expansion and monetary policy restraint, several facets 
of their lending imply secular improvement in the financial markets. The 
view from under their parents' wing enables the captives to evaluate the 
risk of inventory and installment receivables financing more accurately 
than outside lenders can. This vantage point in risk management together 
with opportunities to achieve economies of scale in loan administration 
Iend credence to the hypothesis that captives improve allocational and 
operating efficiency of the financial markets. An adjacent question relates 
to the use of the leverage by the captives to finance their lending. It is 
perfectly imaginable that a nonfinancial parent corporation could undertake 
precisely the same volume of lending with or without a captive. The case 
for use of a captive as a fund raising device must rest on the unproved 
proposition that it lowers average cost of corporate capital. 


To repeat an earlier point, this article is offered only as aprogress 
report from my own research and a modest formulation of important is- 
sues surrounding the captives. If investigation is furthered, my purpose 
will have been served. 


APPENDIX A 


IDENTIFICATION OF THE SUBSIDIARIES 


The identities of the captive companies dealt with in this research 
were obtained in a variety of ways. A small number of the subsidiaries 
are, of course, well known. The major effort in identifying the lesser 
known or unknown captives was a page-by-page search of Moody's Indus- 
trials, scanning the list of each parent company's subsidiaries for names 
suggestive of financial activities of the types considered here. This was 
the single richest source. Standard and Poor's list of subsidiaries was of 
some help. Financial periodicals carried news from time to time which 
evidenced formation of new companies. Interviews of company officers 
working in or in connection with the captive companies also yielded a few 
company names unknown to the author until the interview. For these due 
gratitude is expressed. It is true, however, that the information of this 
sort abroad in the trade is surprisingly slim. 
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For the largest part company administrators are aware only of 
captive companies operating within their respective industries. A few at- 
tempts have been made bythe financial institutions to gather lists for their 
own purposes, but these have been for what are essentially sampling pur- 
poses and are not and were not intended to be definitive in any sense. A 
few years ago the Federal Reserve gathered a fairly good list of captives. 
A list of 66 captives was published two years ago in the Controller. 0 The 
list collected by the author has exceeded all those which he had discovered 
while working in the field. 


The companies satisfy two conditions for inclusion. First, as a 
part of the definition laid down for the entire study 31 the parent company 
market goods on more than a local level. In fact, most of them market 
goods nationally. Secondly, the subsidiary must have been a significant 
and active part of the parent company's operations. This elastic require- 
ment implies quite accurately that subjective judgment was exercised. In 
most instances it is perfectly clear when a subsidiary has been active and 
significant, but some borderline cases exist. A certain number of sub- 
sidiaries were formally created but not put into operation, and some were 
active in pre-World War II days but not after. These were not included. 
A few subsidiaries have operated at very low levels of receivables absorp- 
tion relative to the parent's sales volume, and there has been no evidence 
of other kinds of interest in aggrandizing the subsidiary. These were not 
tabulated either. On the other hand some captives operating on a very 
modest scale relative to the parent's volume were included because there 
was reason to believe that they were used aggressively, however limited 
their purpose. It is apparent that the number of companies used is the 
residual of a weeding process which started with a substantially larger 
figure. The reader should note that the figures of Table 1 refer to captive 
company births only, not to the net number of companies in operation at 
a given time. Some of the captives enumerated there were active for a 
period and then deactivated, but these were few. As a practical matter, 
the number of companies formed differs but little from the number cur- 
rently active. 


APPENDIX B 


STATISTICAL SOURCES AND METHODS 


Sources 


The balance sheets which underlie the statistics presented in this 
paper were gathered from various sources. After identification of the 


30 (11). 


3 


27, ff. 2. 


— 
51 


subsidiaries by the methods outlined in Appendix A a mailing of a form 
letter to appropriate company financial officers was made in the case of 
all subsidiaries not publishing balance sheets. A repeat mailing was tried 
in allinstances of noresponse. Most of the parent companies of the largest 
captives now publish deconsolidated balance sheets in their annual reports, 
but in earlier years this was not the case and much of the point in mail re- 
quests related to obtaining data for these earlier years. In a number of 
cases, though, the parents did not and still do not publish balance sheets 
for their finance subsidiaries even though deconsolidated. Some of these 
companies readily supplied balance sheets upon request. In the instances 
of no responses several paths were open. Occasionally the corporate files 
of Dewey Library at MIT and Baker Library at Harvard yielded usable in- 
formation through prospectuses or proxy statements which the companies 
had evidently not supplied through negligence or disregard rather than 
from reluctance to disclose the information. A few parent companies filed 
deconsolidated balance sheets for their subsidiaries as required by the 
laws of Massachusetts, and their balance sheets in the State House in 
Boston were used if otherwise unavailable. A very few balance sheets 
were obtained from the files of bank loan officers, who must remainanony- 
mous but to whom the author is indebted, and in some instances frag- 
mentary statistics derived from these sources served to cross check frag- 
ments from other sources and aided in piecing together balance sheets as 
described in the second paragraph below. 


A final resort in the case of listed corporations lay in the require- 
ment of the SEC that they file 10-K reports annually with the Commission. 
In some of these, deconsolidated balance sheets for the subsidiary are 
filed. A few of the balance sheets employed were garnered from this 
source by a visit to the public files of the SEC in Washington. In some few 
instances when it was impossible to obtain data from the sources named 
above it was feasible to construct balance sheets from significant frag- 
ments of information divulged about the subsidiary in annual reports of the 
parent companies, prospectuses of security issues, and proxy statements. 
A frequent source of this kind was the ubiquitous footnote to the parent 
company's balance sheet concerning the principles of consolidation. When 
the subsidiary's balance sheet was deconsolidated but not published, it was 
sometimes true that principal assets and liabilities were divulged in this 
footnote. With these fragments and under some assumptions it was some- 
times possible to construct plausible balance sheets based upon some of 
the regular relationships between items which emerged from work with 


fully available balance sheets. The number of balance sheets pieced to- 


gether in this fashion, however, is quite minor in relation to the total 
number employed and even more minor in the relation between the volume 
of assets involved and the volume aggregated. 


For purposes of tabulation the captives were sorted into the Stand- 
ard Industrial Classification with reference to the product criteria outlines 
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in the SIC manual and the major products of the parent companies. Al- 
though data are presented in this article only at the two-digit level of the 
SIC, they were dealt with in the author's work at the three-digit levelalso. 


Accounting Methods and Conventions Employed 


Some arbitrariness is built into the balance sheet statistics pre- 
sented in Tables 2 through 4 with respect to dates involved. The Tables 
name only the various years as collection dates, and, with some dis- 
similarity in reporting practices of the subsidiaries underlying the data 
collection, a certain amount of cleanness is lost. Throughout the process 
of assembling balance sheets the author and his assistants observed a 
stricture, mostly a matter of convenience, of recording balance sheet fig- 
ures as reported by the captives at the end of their fiscal years. Clearly, 
it is most convenient to do this, if it is not outright impossible to do other- 
wise. 


In a certain number of cases balance sheets were available to the 
author at other dates, and conceivably more could have been obtained. 
However, the difficulty of doing so, the uncertainty of the outcome of such 
an attempt, and the dubiousness of its value led to pursuit of the practice 
as named. An attempt to obtain balance sheets for all subsidiaries at one 
date would have introduced as many ambiguities as it removed. A sub- 
stantial number of subsidiaries, perhaps most, experience seasonality in 
the demands made upon them for loans, especially for inventory financing. 
The volume of retail loans outstanding probably swings in an amplitude 
proportionately smaller than floor planning because the duration of retail 
financing contracts extends over the seasonal swing and often over several. 
Nevertheless, interviews have confirmed the existence of substantial sea- 
sonality in loans outstanding. Balance sheet dates are chosen in many 
instances as they are by many nonfinancial corporations to minimize the 
effects of seasonal fluctuation in the amount of debt outstanding. That is, 
an off-season date is chosen for reporting. If the managements ofthe cap- 
tives all chose to divulge balance sheets at a given date, asset and liability 
totals would be larger than those presented here by the amount of the 
(indeterminate) unreported seasonal demand. Since the captives do not 
have uniform seasonality, however, it is doubtful that the statistics would 
be "improved" in any sense. Instead, by leaving the balance sheets at their 
reported dates the Tables in this article have precisely the amount of un- 
reported seasonality conventionally concealed by balance sheets. Most 
captives report as of December 31. 


It is also appropriate to comment here upon some of the practices 
used in recording balance sheets of the captives. Notes receivable were 
carried gross of loss reserves, but net of unearned finance charges and 
deferred discounts. Almost without exception receivables were carried 
on the captives’ balance sheet net of both loss reserves and the income 
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deferred and when single figures appeared for these accounts, a problem 
of dividing the sum between retail and wholesale paper was sometimes 
posed. This was resolved by dividing the figure arbitrarily in the propor- 
tion which prevails in the case of similar companies which did indicate 
the basis of their allocation of the loss reserves and deferred income 
between accounts. In a number of cases an industry pattern prevailed with 
surprising homogeneity. In some few instances data were not available to 
make it possible to carry receivables gross of either loss reserves or de- 
ferred income. In these instances receivables were carried at the net 
figures shown on the balance sheet available. 


The catch-all account labeled Miscellaneous Assets is quite poly- 
glot. It probably would not be worth mentioning the great miscellany con- 
tained therein except that in isolated instances of small captives most of 
their assets may have ended in this account. Included are term loans, 
mortgages, construction advances, leased assets, and receivables from 
the parent company. 


Some lumping was required for presentation of the right hand side 
of the balance sheets so that it is worthwhile to recount some of the arbi- 
trary practices adopted. The short-term borrowingaccounts are straight- 
forward, referring only to negotiated sources of funds. Accruals have the 
meaning attached to them in ordinary accounting practice except that ac- 
counts payable to the parent company were broken out whenever possible 
and carried under borrowing from parent companies. Some notes payable 
to the parent company specifically designated as subordinated were lumped 
with others not so designated and are carried together with accounts pay- 
able to the parent company under "Borrowing from Parent Cos." Dealer's 
reserves, whenever specified as a separate account, were carried under 
accruals. The major items in accruals typically were accrued interest 
and taxes. 


Equity includes stock outstanding, with negligible amounts of pre- 
ferred stock and retained earnings. 
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Some Research? 


This paper sets forth some research results concerning manage- 
ment decision making and a "New Theory"2 which was derived from them. 
The research evolving over a period of several years has dealt essentially 
with the management problem of production and employment scheduling in 
a number of manufacturing firms. That is, how does (should) a manage- 
ment adjust its manufacturing organization to some facets of its changing 
environment? The research appears to have developed notions of a more 
general nature than their production problem setting, and these more gen- 
eral notions of management decision making are described here. The new 
theory and its components now lead to more questions - questions of valid- 
ity, generality and operationality. 


In order to introduce the theory very briefly first, for the purpose 
of raising the points which this paper attempts to explain in succeeding 
pages, the summary paraphrased from a previous paper is given:3 
(a) In their decision making behavior, managers and/or their organizations 
can be conceived of as decision rule coefficient estimators (not that they 
explicitly are coefficient estimators). 

(b) It is the variance in their behavior rather than the bias that hurts, due 
to dish-shaped criteria surfaces. 

(c) A decision rule with mean coefficients estimated from management's 
behavior should be better than actual performance. 

(d) It may be better than a rule with coefficients supplied by analysis. 

(e) Systematic and comparative studies usingthis idea may lead to further 
ideas. 


1onis research was inpart sponsored by the M.I.T. Operations ResearchCenter con- 
tract with the Army Office of Ordnance Research (DA-19-020-ORD- 2684) and the 
M.I.T. School of Industrial Management Sloan Research Fund. 


2rhe research itself is described in Ref. (1). 


SRef. (1). 
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Much of the present focus of today's interest in management is on 
decision making. Broadly defined, this includes the activities of scanning 
the environment, internal as well as external to the organization, in order 
to determine when and where decisions are required, as well as laying out 
the alternative courses of action, and choosing from among them. 


A distinction can be made between programmed decisions and non- 
programmed decisions .4 Programmed decisions are those which are re- 
peatedly made and for which a systematic and somewhat standardized 
procedure has been worked out. Determination of the weekly production 
schedule would be an example of such a decision. It is with this type of 
decision that it is most natural to conceive of a decision rule, where the 
results are derived in a given way from a fixed set of variables. It is in 
this type of decision problem that operations research and the mathe- 
matical techniques related to it have had their more common application. 
The procedure employed is briefly as follows:® 
(1) Pick the measure of effectiveness. 

(2) Determine the important variables. 

(3) Determine the relationship of these variables to the measure of ef- 
fectiveness, i.e., build the model. Probability may or may not be a major 
factor. 

(4) Determine the values of the parameters. This determination may be 
a statistical or a cost accounting and/or engineering approach. 

(5) Test the model. Steps (2) through (5) are repeated until a satisfactory 
model is constructed. 

(6) Manipulate the model for purposes of determining a useful decision 
rule. 


The non-programmed decisions arethe decisions made infrequently 
or only once. The decision process is ad hoc and not well structured. 
Programmed and non-programmed are of course only convenient ends of 
the spectrum. The original research leading to the main ideas presented 
in this paper dealt with production scheduling in the sense of a programmed 
decision where it was natural to conceive of a decision rule with variables 
and coefficients. This research is described in the earlier "New Theory" 
paper. The example to be used here to carry the burden of explanation and 
illustration of the new theory is much closer to the non-programmed end 
of the spectrum; it deals with the problem of the proper size of branch 
plant operations. The objective is to illustrate the theory, rather than fully 
develop the particular problem. 


(6). 


Ref. (3), p. 294. 


PLANT SIZE 


Several years ago a study was made of the economics of scale of 
operations of a system of ice cream branch plants.§ The company in ques- 
tion was operating ten plants over a seven-state area. The question asked 
was: what is the optimum size company plant to manufacture and distribute 
ice cream, given their technology? That is, based on the total sales of the 
company, about how many plants should be operating over the seven-state 
area? Though this decision was basically an unstructured or non-pro- 
grammed one as far as the company management was concerned, our analy- 
sis was done in the spirit of operations research. That is, a measure of 
effectiveness was chosen (cost per gallon), the variables in the situation 
which seemed to influence this measure were identified, and a mathemati- 
cal model which related these variables to the measure of effectiveness 
was constructed. Using the actual costs incurred by the company in oper- 
ating those ten different plants under their varying conditions, it was pos- 
sible to supply the particular parameters (dimensions) which related the 
variables to the effectiveness measure. The mathematical model was then 
manipulated (a derivative was taken and equated to zero) to provide the 


decision rule, 
73(2b 2/3 
(1) Vopt = (K) (78) 


where V,,, is the optimum value, K is the sales density of the particular 
area expressed in gallons sold per square mile of territory per year, and 
b and c were parameters of the original model derived by analysis of the 
cost experience of the firm. 


When the actual volumes of each of the ten plants of the firm were 
compared to their optimum volumes derived from this decision rule, one 
plant was about 50 percent too large, and the others were too small. Most 
of them were about half their optimum size and several were substantially 
smaller. It appeared that the company was paying a premium of approxi- 
mately $207,000 each year for operating these uneconomic size plants. 


Now using the results of the research on managerial decision mak- 
ing and the new theory briefly described at the beginning of this paper, it 
was possible to use the management's own decision making behavior in 
order to estimate the coefficient in the decision rule (1). In the rule pre- 
viously set down, the expression (2b/c)*/* is really a number. It is pos- 
sible tosubstitute a symbol (d,) for this coefficient which gives the decision 
rule 


(2) V = (K)'*d,. 


Ref. (2). 
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Notice V rather than Vopt is used as the more general decision rule no 
longer assuring an optimum volume. It is now possible, by least squares 
statistical regression analysis, to estimate the value of the coefficient d, 
from the organization's own arrangement (i.e., decision results). In une 
simple terms, it is possible to plot the actual V versus (k)'”* as in Fig- 
ure 1 (the figure here is illustrative and does not present the real data). 


Figure 1 


Because there is some variance around the line representing d,, the vari- 
able (K)'’* does not fully explain the variations in V. However, if equa- 
tion (2) is used as a decision rule (with the variance around the mean 
estimate of d, eliminated), the restructured system of plants would have 
incurred a cost premium of only $72,000 per year compared to the "opti- 
mum," which is a $133,000 saving from the $207,000 cost premium incurred 
by the actual arrangement. That is, using the same form of the decision 
rule as that provided by the analysis, but using management's own behavior 
to estimate the decision rule coefficient rather than that from the cost 
analysis, much of the cost savings ($133,000 versus $207,000) might be 
made available. A sketch of this idea, Figure 2, might make it clearer 
(again: using illustrative data). 
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The volume labelled A in the sketch is the optimum (least cost) volume 
arrangement that would save $207,000 compared to all of the individual x's 
which represent the actual individual plants. The volume labelled B is the 
average (mean) of the present volume arrangements (not merely V, as the 
function of K'/* makes this a whole family of curves) which would save 
$133,000. The difference along the volume axis between A and B might be 
labelled the bias in management's behavior, which generates a cost pre- 
mium of $72,000 (B' — A'). The sum of the differences between the indi- 
vidual x's and B which yields the $133,000 (C' — B'), might be labelled the 
variance in management's behavior. 


Departures of the decision making behavior of management from 
the preferredresults then for our purposes can be divided or factored into 
two components, one of which, in the manner of a grand average departing 
from some preferred figure, we call bias (which causes a relatively small 
criteria loss due to the dish-shaped bottom of the criteria surface), and 
one of which, representing individual occurrences of experience departing 
from the grand average, we call variance (which causes larger criteria 
losses due to the individual occurrences up the sides of the criteria dish- 
shaped surface). It is the latter, and more important, component which 
seems to offer the tempting possibility of elimination through the use of 
decision rules incorporating coefficients derived from management's own 
recurrent behavior. 


In the research mentioned on production and employment scheduling 
in four different firms, seven decision rule coefficients were estimated 
from much behavior for each firm rather than the one (d,) as described 
here. Then the company scheduling was simulated using the decision rules 
containing management's own average coefficients (with the variance elim- 
inated). The results in three of the four cases would have been less costly 
than actual behavior, while in two of the cases the results would have been 
even less costly than a rather involved operations analysis would have al- 
lowed.” In other words, there seem to be cases where decision rules with 
coefficients estimated from management's own behavior not only wouldal- 
low better results than those actually incurred but also better than those 
provided by operations analysis. This possibility can be explained in part 
by the limitations of an analytic procedure. In the production and employ- 
ment scheduling problem, explicit quadratic forms were used in a number 
of situations to represent empirical cost curves. Precision was knowingly 
sacrificed by this representation sothat the mathematical procedure would 
be feasible. Then, because it is the model which is optimized, the decision 
rule recommended by the analysis contains this imprecision. 


There is a second source of possible advantage for the decision 
rule (and its coefficients) derived from the study and statistical regression 


"yor a detailed description of this type of operations analysis, see Ref. (4). 
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of management behavior, compared to a rule and its coefficients both 
derived by operations analysis. Management may respond (sensibly) to 
criteria which are particularly difficult for the analyst to understand and 
measure. The behavior regression approach may permit the fusion of 
specialized competences - those of the analyst with those of the manager. 


FURTHER RESEARCH 


Many questions still remain unanswered by the work done so far, 
and much research remains to be accomplished. Questions of truth, scope, 
and usefulness must be answered if these ideas are to benefit anyone. It 
seems to fall within the province of the social sciences to consider state- 
ments such as the following:8 
(a) Experienced managers are quite aware of and sensitive to the criteria 
of a system. 

(b) Experienced managers are aware of the system variables which influ- 
ence the criteria. 

(c) Managers, in their present position through a process of natural 
screening, make decisions, i.e., implicitly operate decision rules, witha 
sense andintuition which relates the variables tothe criteria imperfectly - 
but more erratic than biased. 

(d) Most cost or criteria surfaces are shallow, dish-shaped at the bottom 
(top) and, even with bias in the manager's "estimation," it is the far out 
(variance) examples of behavior which are really expensive or damaging. 
(e) If managers' behavior had paralleled the decision rules with their 
average or mean coefficients, their experience would have been better ac- 
cording to the (their) criteria. 

(f) This idea also pertains to the future with the system maintaining its 
same basic structure and parameters. 


It seems useful to attempt an explanation of why decision rules de- 
rived from management's own average behavior might yield better results 
than the aggregate behavior itself. Man seems to respond to selective cues 
in his environment - particular things seem to catch his attention at times 
(the last telephone call), while at other times it is a different set of stimuli. 
Not only is this selective cueing the case, but a threshold concept seems 
to apply. He may respond not at all up to some point and then overrespond 
beyond that. It is this type of behavior which helps explain the variance 
in the organization's (or its management's) behavior. A thorough review 
of the findings of psychology in this area may help support these ideas. 
Laboratory experiments where the environment is especially structured 
in a simplified setting should help explore these characteristics. 


The idea ~f dish-shaped criteria surfaces is a surprisingly general 
one. Many different operations research type studies as well as economic 


8 


Ref. (1). 


analysis seem to show this. For instance, from the literature of econo- 
metrics reporting a substantial amount of empirical work comes the fol- 
lowing statements: 9 


In most cases, the penalty associated with moderate deviations of the 
actual instrument values (the decision coefficients) from the maxi- 
mizing ones is small . . . However, if it is true that moderate devia- 
tions of instrument values from the maximizing ones are not very 
serious, then a more fortunate conclusion is possible in the normative 
sphere; viz. that approxima‘ions are muchmore acceptable here than 
in the analytical sphere. It is conceivable that in many cases, this 
fact can be fruitfully used in order to arrive at a certain degree of 
‘automation’... 


i. Not only must more work be done to investigate these criteria surfaces in 
3 an empirical sense, but more investigation of a mathematical ; ature can 
be done to determine under what patterns of behavior variance the theory's 
results hold true. 


If these ideas are true, and the "New Theory” paper presented six 
or seven empirical test cases, then the practical use of the ideas gets into 
the generalareas of heuristic problem solving and artificial intelligence .10 
In a sense these are man-made substitutes and short cuts for man's own 
intelligence, where statistical methodology, programs, and computers (in 
large problems like the production and employment scheduling problem 
with seven unknown coefficients to be estimated simultaneously) are used 
to represent the relevant characteristics of the decision process. 


One of the major problems in explicitly using our heuristic ap- 
proach is to provide for adjusting or learning mechanisms as the environ- 
ment changes. As problems unfold over time, in order to use past experi- 
ence (regression of behavior) to solve current problems, a time lag is 
inevitable. So it seems that we must be concerned with the general ideas 
of feedback. This presents the possibility of studying and using not only 
man's reaction to his environment, but also the changes in the structure 
of his reactions as the structure of the environment changes. 


If a manager is to use these ideas, it presents the advantage of 
turning his focus of attention from the decision to the decision process. 
This seems to offer the possibility, in part, of moving away from putting 
out fires to the more professional task of designing intellectual processes. 


Probably the real test of the "New Theory” will come as real or- 
ganizations attempt to implement the ideas. A large "technologically ad- 


Snef . (7), underlining supplied here. 


10, 40 Refs. (6) and (5). 
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vanced" manufacturer is now developing decision rules with coefficients 
derived from management's own behavior for use in several problem 
areas. The areas so far fall into the programmed decision category. As 
experience is gained from research into the heuristics of non-programmed 
decision making which Professor Simon is reporting, it may be possible 
to abstract some of these decision processes into a common program per- 
mitting further generalization from experience. That is, these more ab- 
stract decision models may require parameters or coefficients which can 
be supplied from experienced management's behavior. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 
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In discussing the art of organization, as with most other topics 
dealt with by students of business and practicing managers, the emphasis 
is on finding ways to help do a better job, whatever the job may be. At 
times discussion of organization gets around to the question of how the 
job to be done is chosen. This question usually concerns philosophers and 
statesmen more than it does students and practitioners of management. 
This paper will concern a narrower question that lies somewhere between 
these two, namely, what aspects of organization structure are essential to 
the technical achievement of the job to be done and what aspects are given 
by social considerations extraneous to the task. By organization structure 
I mean the institutional arrangements that are consciously prescribed or 
at least accepted by the formal authority of the organization. 


It is only reasonable to ask this question in the light of a great deal 
that has gone before. Students of organization and management are now 
able to present convincing evidence that certain ways of organizing give 
greater efficiency to the performance of certain kinds of tasks. We do not 
yet have the whole truth, but we do have some of it. A conservative ap- 
plication of this kind of knowledge requires not only that we be able to 
affirm the benefits of the new technique, but also that we are able to es- 
tablish the dispensability of the institutional arrangements that are going 
to be replaced. To establish this requires study of the origin and func- 
tions of existing structures. 


The same history that produced the possibility of phrasing the 
question and the need for answering it has also provided a considerable 
amount of research that bears upon the answer. This research builds up 
our knowledge of society fully as much as it does upon our knowledge of 
business or public administration. Furthermore, the interaction of social 
and technical effects on organization structure can best be studied only if 
the social component shows some variation; and this places especially 
great emphasis on cross-cultural studies. It is therefore no coincidence 
that most of the work to be cited below, as well as my own interest, stems 
from consideration of similarities and differences between organizations 
in different socio-cultural environments. 
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THE ORGANIZATION IN A CHANGING SOCIETY 


The foundations of this line of research were laid down a genera- 
tion or two ago by the sociologists Weber, Tonnies, and Maine. The major 
themes of their work are (1)the contrast and conflict between a traditional, 
person-oriented type of social organization and a rationalized, impersonal, 
task-oriented type and (2) the transition in the course of the social and 
economic development of Western society from the former to the latter. 
Before dealing with the differences, it is well to analyze certain aspects of 
structure which seem to persist from relatively primitive organizations 
in traditional societies to the most complex of our modern bureaucracies. 


The first of these is the relatively great importance of the organi- 
zation head, whether he is king, chief, president, or chairman. He seems 
invariably to perform a major role in the definition of the organization's 
character. The second aspect is the principle of hierarchy, the mainte- 
nance of definite status levels among the participants in the organization 
implying degrees of worth. The third aspect is the attention to processes 
of making the lower echelons responsive and tractable in the service of 
the interests represented at the top. Ido not wish to suggest that these 
are immutable principles of administration, but only that they are empiri- 
cal regularities in the mainstream of organizational evolution as we have 
_ observed it to date. An important qualification, however, is the substantial 
weakening in degree of each of these features where the influence of au- 
thoritarian values has declined. 


Now let us turn to the dimensions along which major changes have 
occurred and explore the implications of these changes for the arts of or- 
ganization and management. First, the man at the top of the organization 
changes during this process from the master whose status is guaranteed 
by inheritance of title, land, or wealth, to the functionary whose qualifica- 
tion for office is his ability to achieve. His position is not given by custom 
or tradition, but rather by some form of examination. In the same way, 
the relationship between hierarchical levels changes from that of master- 
servant to that of supervision of one office by another. In modern organi- 
zations, authority rests in the office held and has a defined and limited 
jurisdiction over subordinate offices only, not the persons in them. 


The second dimension is the change in emphasis from the personal 
rights and welfare of the individuals concerned to some impersonal task 
to which all are equally committed. In traditional society, the chief aim of 
an organization is the satisfaction of the personal desires of the master. 
In return, the servants are guaranteed certain rights and privileges. The 
tasks they work on, however, are given almost entirely by custom and 
tradition. In the newer organization, the personal welfare of the partici- 
pants is secondary. The emphasis in the actual day-to-day functioning of 
the organization is on an impersonally determined task to which personal 


interests are either artificially reiated, as in the wage bargain, or only 
remotely connected, as in the interest we all have in a stable and produc- 
tive economy. Thus, when authority is exercised, the decision takes into 
consideration primarily the implementation of task goals, rather than any 
personal preferences. Under the traditional system, the goodness or 
. worth of an organization could be judged directly in terms of the welfare 
or preferences of the participants. In modern organization theory, we need 

‘ to add the dimension of effectiveness in achieving the impersonal purpose 
to which the organization is committed. 


There is another dimension that perhaps underlies both of those 
discussed above and extends more broadly to every aspect of organiza- 
tional functioning. This third dimension for change is change itself: the 
degree and rapidity of innovation with which the organization must cope. 
In traditional society it was a rare generation that could not look forward 
to living essentially the same life as its immediate ancestors lived. In 
modern society, few people can slip quietly into grooves clearly defined 
and made smooth by their forebears. These patterns are swept away by 
outside forces, among which is an unceasing quest for increased technical 
efficiency. The quest for technical efficiency, in turn, is enforced by the 
existence of organized commitments to an impersonal task. 


a Even the most traditionally oriented societies of today, however, 
are not immune to change. Developments in North America and Europe 
spread to create crises in the most remote parts of South America, Africa, 
and Asia. What is lacking in the more traditional societies is the capacity 
to cope with change, and that deficiency is mainly in the organizational 
forms they have developed and in the cultural values those forms reflect. 
One simple example of this which has developed in New Guinea is the 
"cargo cult." Natives have reacted to European encroachment by forming 
cults whose mission is to bring them the material advantages of the whites 
by supernatural means. They-thus try to adapt to change within their 
standard technology and organizational form, but with no chance of suc- 
cess. However, even in the most advanced societies, the magnituce of 
present-day change is difficult to cope with. Our own managers may be 
making the same type of mistake less obviously. 


As mentioned previously, the most important elements carried 

#4 over from the traditional position of the master to that of the modern ad- 
“s ministrator are the central importance of his own role, his superordinate 
position in hierarchical relationships, and his need to control the actions 

of subordinates. More briefly stated, he inherits the power position of the 

former privileged classes. But whereas the power of the master was used 

for his own personal ends, the power of the administrator is used for the 

accomplishment of the impersonal task. One does not normally find a 

complete transition even in so-called "developed" societies. Incumbency 

in a. high-level administrative position confers high social status and in- 
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creased personal welfare, and when a high-level position is to be filled, 
an effort is made to find a person whose present social status is nearly 
equivalent. But the difference in emphasis is clear enough, and the trend 
may be expected to continue even in "developed" nations as ideological 
forces work themselves out. 


The most important feature of administrators' power is their con- 
trol over the affairs of the organization as a whole(!°), The primary focus 
is in the choice of the organization's purposes, those actions that give the 
organization a unified, coherent character. This is mainly an aspect of 
the organization's relationship with the rest of society. It is in this phase 
of its existence that the organization has an impact on the affairs of its 
time. 


The policy choices involved may have consequences for the in- 
ternal equilibrium of the organization. In particular, certain of them may 
be crucial for its continued survival. The need to assure the survival and 
continued good health of the organization will be an important influence in 
administrative policy. The need is hard to separate from the personal 
desires of the officials for status, power, and remuneration. In a person- 
oriented cultural matrix, one would expect to find relatively more expres- 
sion of the latter need and less concern for the organization as such or as 
a means for achievement of the impersonal purpose. The fulfillment of 
these internal needs may require adaptation, the act of seeking for a new 
equilibrium with a changing environment, even including major realign- 
ment of the impersonal purposes in the interest of preserving the organi- 
zation. In this way, the social instrument may itself create forces that 
influence the ends for which it is used. The aims of organized power have 
thus become depersonalized, subject to contention and decision and ac- 
cordingly greatly increasing the range of aiternatives open to a society. 


Among the impersonal ends of modern organizations we can find 
many that correspond to social ideals, as contrasted to material interests. 
A corporation may be dedicated to improving the welfare of its work force 
or to promoting a "free-enterprise" ideology as well as to profit-making. 
It could work toward all these ends and at the same time maintain a policy 
of nondiscrimination in employment between races, a valuable service to 
the ideal of racial equality. These possibilities arise because of the use 
of formal rules as a technique of administration. Once the practice of ad- 
ministration by rule is established, organization power can be mobilized 
around whatever ends are chosen by the administrators. 


The techniques of holding power (or of administration, if one pre- 
fers) have changed as much as the objective of its use. The functionary 
does not rule by virtue of personal position or property, nor by force of 
personality. His central instrument of power is the creation and mainte- 
nance of the fictions of organizational authority and jurisdiction. In mod- 


ern organization these are made the subject of conscious and rational 
planning, not inherited as in traditional social structures. There is a 
limitation, however, to the power position of the administrator. If he is 
not aware of the power position of others as well as his own, his organiza- 
tion will founder in opposition and conflict. The organization's purpose 
and its means of attainment must be so chosen that the different elements 
of the organization can unite in their realization. In addition, they must 
be so chosen that they will not run afoul of external and superior political 
or economic power. 


The nature of organizational authority has been discussed exten- 
sively in the literature. It is generally agreed that authority owes its 
force not to the command of him who holds the authority but rather to the 
obedience of those who accept it. Thus we must seek the origins of author- 
ity in the feelings of legitimacy held by the subordinates. 


This was a major starting point of Max Weber's analysis of social 
organization(3), Weber, however, devoted his efforts mainly to exploring 
the social consequences of variation in the culturally given source of au- 
thority, i.e. whether the people perceive legitimate authority to lie with 
the emergent leader, with the family, with clerical or secular organiza- 
tion, with traditional or legal government. His closest approach to dis- 
cussing the origins of these perceptions of legitimacy is the concept of 
"charisma." This is the relation of dependence and subservience that is 
observed between the emergent leader and his followers. Weber hypothe- 
sized that this could be routinized by transference to the leader's family 
or to an organization founded by him. This process could begin or re- 
invigorate a traditional system of government such as patriarchialism or 
feudalism. The development of a legal, bureaucratic system of governance 
was more a new and flexible method of employing existing authority (that 
of religion, sovereignty or property) than of any new concept of its origin. 


Although modern society has long been accustomed to the legal 
processes of delegation of authority and definition of jurisdiction, it is only 
recently that the question of the origins of the sense of legitimacy has | 
come under scientific scrutiny. Although charismatic leaders seem al- , 
ways to have used doctrine to win and inspire their followers, a psycho- 
logical theory of how the process of influence takes place is a recent de- 
velopment'9), 


The result of this for organizations is that we now have not only 
the legal technique of manipulating the perceptions of legitimacy of those 
who are already convinced, but also a scientifically-based technology for 
doing the convincing, for creating the sense of legitimacy in the first place. 


With this new technology available and commonly understood, the 
traditional sources of authority (sovereignty, religion, property) can no 
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longer be taken for granted. The words “lobbying” and "subversion" are 
two of the most common words in our vocabulary for discussing govern- 
ment, and they do not connote obedience to or respect for the legitimacy 
of sovereign authority. The legitimacy bestowed by property ownership 
cannot realistically be taken as the basis of authority in the modern cor- 
porate business community, although it remains so legally(5), 


As the tempo of economic, social, and political change increases, 
organizations will find it increasingly necessary to adapt not only their 
policy but also very fundamental aspects of their institutional structure in 
order to continue operating successfully. It remains to identify a few 
common aspects of crganization structure and explore their social and 
technical functions before discussing some possible changes. 


SOME STRUCTURAL ELEMENTS AND THEIR FUNCTIONS 


The preceding section has, by exploring the natural origins of some 
basic aspects of organization, laid the foundation for the assumption that 
organization structure can be engineered to realize specific purposes. 
The question of whether a given element of structure serves social or 
technical purposes resolves into the question of the function of that ele- 
ment in the total picture. The technical elements are those that are func- 
tional to the execution of the work ostensibly being performed. Elements 
are social to the extent that their role is determined by the social milieu. 
A social element in a given organization may be tailored to the self inter- 
est of an individual person, family, or elite; or it may be an institution- 
alized element of the culture as a whole. 


There is probably no better or more generally appreciated example 
of the difference between social and technical elements than the sociologi- 
cal distinction between ascription and achievement. In the context of 
organizations, these processes appear most clearly in the distribution of 
rewards and in the recruitment of members. Rewards and positions are 
given by ascription when they depend on the class or family background 
of the participant, and by achievement if they depend on performance. 
Ascription is a broad enough term to cover such extremes as nepotism in 
public service and the inheritance of a family business, as well as many 
in-between areas where the question of public approbation is less deter- 
minate. In our stereotype of traditional society, virtually all positions 
and rewards are determined by ascription. In modern society achieve- 
ment is the dominant ethic for both recruitment and reward in organiza- 
tions, although Mills(6) advances the thesis that the really large payoffs 
are made and all organizational positions above a certain level are filled 
by ascription from a "power elite." 


Presthus' recent research on work organizations in the Near East 
illustrates through institutional analysis the social basis of ascriptive re- 
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cruitment and payments as well as other or zational practices to be 
discussed below(8)- Recent studies by Marsh'*) and Trow('!) are typical 
in showing the intermixture of ascriptive and achievement-oriented re- 
cruiting processes in eighteenth and nineteenth century Chinese govern- 
ment and in twentieth century American small business respectively. 
Their method was to study the circumstances of a sample of appointments 
and promotions. Marsh related the highest rank gained to seniority and 
entrance examination as achievement factors and to the purchase of office 
and family background as ascription factors. His conclusion was that the 
latter factors were slightly more important. Ina sample of small U.S. 
companies, Trow found that a family heir was the first choice for succes- 
sion to the top post. Promotion or outside recruitment were last resorts. 
The heir's objective qualification, however, was an important determinant 
of the manner and timing of his succession and of the later profitability of 


the company. 


Almost anyone will accord the task-oriented organization, that re- 
cruits and rewards according to achievement, technical superiority over 
the person-centered organization that uses ascription. The evidence for 
this proposition, however, although sound enough, is global and impres- 
sionistic in nature. Although some environmentalists would blame it on 
the contiguity of coal, iron ore, and limestone deposits, the best evidence 
is the wide disparity in national income between the underdeveloped, tra- 
ditionally organized societies and the modern, rationally organized ones - 
and not the least important datum is the rapidity with which Russia was 
able to change from being one of the former to one of the latter through a 
purely organizational revision. 


The evidence for the technical utility of more microscopic varia- 
tions in organizational structure is also mainly impressionistic because 
of the lack of a generally applicable standard of technical effectiveness. 
This does not mean that the evidence we have is useless, however, and I 
will attempt to employ it to evaluate certain important aspects of organi- 
zational structure. These are the use of hierarchy, the basis for special- 
ization, the use of auxiliary labor as opposed to an autonomous work force, 
and the use of authority over property. 


The use of a hierarchy of authority is almost universal in complex 
organizations, and it plays a part in most of the management topics that 
are current in the literature. These topics include decentralization, par- 
técipative management, and executive development. Not the least of them 
is the whole modern emphasis on management as a function, a kind of 
work 2), Much of the discussion of these topics has in one way or another 
focused on the dysfunctions of the hierarchical principle and ways of over- 
coming them in order to realize maximum organizational effectiveness. 
For example, ideas of decentralization and delegation involve an expansion 
of executive resources by locating ultimate decisions at lower and more 
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numerous points in the hierarchy. Participative management also attempts 
to enlist creative talent from lower ranks, but without entirely giving up 
jurisdiction by the upper layers. All of these techniques also lighten the 
psychological burden of authority by reducing the degree of domination of 
the upper levels over the lower. Executive development and other topics 
in the area of managerial functions refer directly to rationalizing the use 
of hierarchy in the service of the organization goals by exploring the con- 
tribution of managerial personnel to task achievement. Executive develop- 
ment concerns rational planning for the continuing availability of compe- 
tent managers at each hierarchical level. That this may be functional for 
the task is shown, for example, by Trow's work'!') which demonstrates a 
relationship between conscious planning for executive succession (whether 
of a family member or not) and later profitability of the organization. All 
of the developments mentioned weaken as well as modify the traditional 
principle of hierarchical authority, either by reducing hierarchic domina- 
tion or by proposing objective tests of performance for candidates for 
these positions. 


Sociological studies place this trend in a broader perspective. Re- 
cent work by Udy explored both social and technical aspects of hierarchy, 
as well as other organizational characteristics. His method was to analyze 
a sample of specific productive organizations from different non-industrial 
societies. The data concerning each organization were coded from anthro- 
pological sources; the technique for analysis of the data was to apply 
simple statistical tests of relationship between social and technical fac- 
tors on the one hand and organizational factors on the other. One such 
investigation(!2) shows an inverse relationship between characteristics 
that correspond to the usual conception of hierarchy and characteristics 
of rational, task-oriented organization. The first group of characteristics 
includes three or more levels of authority, non-working members, and 
rewards differentiated by office. The second group includes specific lim- 
ited objectives, rewards dependent on achievement, a contractual type of 
recruitment, and compensation paid by the higher echelons to the lower. 
This result implies that in a diversity of cultural settings people faced 
with the same elementary productive problems have found hierarchy gen- 
erally incompatible with rational task-oriented organization. 


Udy's latest work has also given some evidence for a social origin 
of hierarchy in the form of an association between "custodial" organization 
(recruited by political authority) and the number of levels of hierarchy?. 
But Udy's work also shows another side to hierarchy, namely a relation- 
ship between a technical factor, complexity of process, and the presence 
of hierarchy('4), 


communication. 


A reconciliation of these findings is that a certain amount of hier- 
archy is functional to the task in facilitating coordination, but that hier- 
archy tends to become infused with social values that may exaggerate its 
importance or modify its operation. Thus, for example, in Presthus' study 
of a Turkish coal administration(®), the division between upper level posts 
and middle and lower posts tended to correspond to strata of social class. 
Similarly, Udy has found some evidence of custodial chiefs generating 
organization rules that serve to defend their organizational position. He 
also found examples of overextended hierarchies generating new work that 
would justify their hierarchical position. Both of these tendencies are 
consistent with a great deal of previous thought and experience. The 
reader might consider, for example, Mosca on juridical defense, or 
Parkinson's Law. 


The idea of specialization has been touted at least since Adam 
Smith as enabling the kind of technical progress that leads to social wealth. 
This concept refers primarily to horizontal specialization as between dif- 
ferent kinds of craftsmanship. A large part of organizational thought has 
been devoted to the invention of effective bases of specialization, for exam- 
ple place, time, persons, things, and processes2. The notion of managerial 
functions opens up the question of vertical specialization, and the manager 
has been presented in turn as a planner, a coordinator, a specialist in 
interpersonal relations, a personnel recruiter, a communication link, and 
a blesser of proposals. The traditional specialties of the upper social 
classes, however, have been less varied and can be grouped rather easily 
under the categories of dominance, ownership, and leisure. These social 
factors are certainly not independent of organizational effectiveness, how- 
ever. Dominance and control over resources are common and obvious 
ways of maintaining coordination, although they just as obviously are not 
always so used. Time to think has always been mistaken for leisure, al- 
though leisure is not always accompanied by thought. 


Modern trends tend to make many of the managerial functions hori- 
zontal rather than vertical specialties. It is probably also true that this 
can be carried much further than it has been, and many writers have em- 
phasized the use of hierarchy to conceal dysfunctional dominance, owner- 
ship, and leisure. The result of this line of thought is a presumption in 
favor of the flat organization, although it cannot be said to justify the com- 
plete abolition of hierarchical relationships. 


Another interesting sidelight on specialization comes from one of 
Udy's results(!3), In the portion of his sample where data were adequate, 
there was a definite scale relative to specialization. Virtually all organi- 
zations that had developed specialization of labor did so in the presence of 


(2), p. 128. 
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DIAGRAM OF IMMEDIATE EFFECTS * 


TYPE OF TECHNOLOGY 


manufacturing collection 


construction 


tillage animal husbandry 


sequence 
combined 
| specialization 


complexity 


stratification settled agriculture 


centralized society 


hierarchy 


familial custodial Sa voluntary 


RECRUITMENT G0) 
basic - auxiliary 
C permanent specific 
C diffuse territorially recruited 
socially recruited autonomous 


16, 24, 16, 26, 
33, 43 PROPRIETORSHIP 33 


managerial or corporate 
separated 
ascription REWARDS achievement 
direct relationship inverse relationship 


* Adapted from S. H. Udy, Jr., Organization of Work. Numbers refer to hypotheses 
listed therein. 
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a system of compensation of workers by managers. Beyond this, the 
presence of specialization in work was a uniform precondition for the pay- 
ment of rewards according to achievement criteria. In turn, compensation, 
specialization, and reward by achievement all seemed to be necessary for 
the development of a basically contractual system of recruitment. This 
finding may be relevant to problems of economic development iin societies 
where compensation and specialization are well developed, but where 
modern organizational techniques are compromised by absence of the 
institution of reward according to achievement(7). This tendency was 
evident in Presthus' study of the Turkish coal administration and in my 
unpublished studies of various Latin American work organizations. One 
might compare the Russian case, in that whereas the Czarists had devel- 
oped systems of compensation and specialization, the Communists added 
material achievement as a dominant ethical consideration. Communism 
does not noticeably emphasize participation on a limited contractual basis, 
but some recent events (i.e. increased permissiveness toward mobility of 
labor) tend in this direction. 


As can be seen from the diagram of immediate effects that I have 
constructed out of Udy's findings, his pre-industrial work organizations 
tend to polarize into two classes: the traditional bureaucracy, permanently 
- organized, with diffuse ends, recruited on the basis of prior membership 
'-in other social organizations, and with ascriptive rewards; and the 
' rational, task-oriented organization, having specific limited material ob- 
jectives, recruited on the basis of an equal chance of participation for all 
available persons, having an autonomous work force, and emphasizing 
achievement in the distribution of rewards. One of Udy's main conclu- 
sions is the paradox that economic and social development from primitive 
society tends to lead into traditional bureaucracies rather than into the 
rational, task-oriented organizations that can contribute to further sub- 
stantial progress. 


It is also interesting to note that the contractually recruited or- 
ganizations in Udy's sample tend to be of the rational, task-oriented type, 
whereas an organization that differentiates its members into a permanent 
cadre plus an auxiliary, temporary work force tends to be a traditional 
bureaucracy. It is easy to spot the exploitative element in the use of an 
auxiliary work force, as for example in the distinction in many of our own 
industrial organizations between the permanent management cadre and the 
expendable hourly-paid work force. This idea is nicely illustrated in 
Presthus' study where there was a large auxiliary labor element employed 
at subsistence wages and under conditions only slightly removed from 
serfdom. This, of course, results in low productivity, and this is one 
ground for recommending employee security as a factor contributing to 
organizational effectiveness. More relevant in modern circumstances 
where security has been realized are the great gains in effectiveness ex- 
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perienced by some companies that have clasped their labor force more 
closely to them by such devices as profit-sharing and participative man- 
agement3, 


One might similarly speculate about Udy's finding that traditional 
bureaucracies tend to rely on managerial or absentee proprietorship, 
whereas task-oriented organizations tend to show corporate proprietor- 
ship (i.e. participation in control over property by all members). This is 
also a primary distinction between the owner-controlled company in a 
capitalist economy and the giant corporation. In the corporation the ma- 
chine belongs much more nearly to the worker than to his department 
chief, much more nearly to the department chief than to the plant manager, 
and much more nearly to the plant manager than to the company president. 
This is also, of course, one of the main distinctions between Communist 
ideology and that of the traditional or capitalist societies it has success- 
fully replaced. It is not, however, a distinction between Communist society 
and modern Western society. 


ORGANIZATIONAL CHANGE 


The preceding discussion has suggested or confirmed some ideas 
as to what elements of organization structure can be appropriately modi- 
fied in the interest of greater effectiveness in doing work. The pressures 
toward this kind of change in today's world are of a greater order than 
organizations have encountered in the past. Thus effective organization 
more and more requires that adaptation be one of the recognized functions 
of the permanent executive system. 


Basically, many of the problems of adaptation that organizations 
have been encountering arise from the great reliance they have put on in- 
formal organization and intuitive judgment at the highest executive levels. 
Informal relations are necessarily personal, and they permit the intro- 
duction of social considerations that are extraneous to the task to a much 
greater extent than do procedures that must be stated and defended of- 
ficially. Moreover, personal confidence and understanding can be built 
into a large organizational structure only over a long period of time. 
Changes in personnel disrupt the process andinterfere with the informally 
developed ways of getting things done. Therefore such changes will be 
resisted in the name of task efficiency as well as presumed injustice to 
persons. 


The result is a need for a system that relies less on informal and 
more on formal techniques at top levels, especially with respect to the 
assignment of personnel. 


(1), p. 141. 
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Many practices that have recently come into favor tend to have 
this effect4. First among these is a conscious, planned approach to execu- 
tive development so that people of appropriate training and proved com- 
petence may be available for assignment to key positions as needed. A 
second is the use of the task-force or project form of organization. This 
permits the assembly of personnel of a variety of appropriate specialized 
competences for assignment to the completion of a specific task or project 
in its entirety. Such groups can be created and broken up rapidly and 
without a sense of unfairness on the part of the individuals concerned. 


Perhaps if we could remove many of the social implications of 
hierarchical positions, reassignment of key managerial personnel would 
be a useful device to create rapid and thorough change in larger organi- 
zation components. If the development of a new and radically revised plan 
of operation were given to a competent task-force, then that team could be 
used to replace the previous management, which in turn would be freed for 
other activities and relieved of the impossible assignment of attempting to 
learn a new task while still fully occupied in executing an old one. Rota- 
tion of personnel in such situations could also be part of a systematic 
program of executive development. 


Increased flexibility in assignment of personnel at the managerial 
level would also tend toward further professionalization of management. 
This emphasizes of course the functions of management rather than the 
hierarchical status. It would imply greater emphasis also on standardized 
training for managers; more standardized pay scales - and probably 
lower pay relative to other occupations; mobility, geographically and 
between organizations; and objective achievement as the basis for re- 
muneration or promotion. At the same time, this tendency would de- 
emphasize policies that rely on organizational loyalty, tenure, hierarchical 
promotion, and other paternalistic devices. 


As with any possibility for action that is openedup by technological 
progress, organizational change raises questions of value and ideology. 
One never expects vested interest to approve of divestiture. Likewise, 
traditions can be defended for their own sake and not judged on the basis 
of their contribution to material ends. Nevertheless, almost everyone will 
agree that he should approach a question of choice with as much knowledge 
as possible. Questions of value can be obscured by sheer ignorance. It is 
hoped that this paper will contribute a little information to some of these 
value judgments. 


4Ref. (1), p. 42 ff. 
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US Deparment AN Approach to 
ae Job Shop Scheduling 
Using a 


Large-Scale Computer 


I. SCHEDULING 


INTRODUCTION 


The efficient scheduling of a job shop is an exceedingly complex 
task. In a large shop thousands of manufacturing orders may be in process 
at the same time. Each of the orders must be processed through some 
specified series of operations, and only a limited amount of men and ma- 
chine capacity exists to perform these operations. As a result, the orders 
must compete with one another for capacity as they flow through the shop. 


The manufacturing order is the document used to authorize the 
production of a given item. The order may be initiated in response to a 
specific customer demand or to replenish an inventory account, and it may 
be for complete apparatus or for only a part or subassembly. Typically 
the order carries such information as a serial number, a description and 
identification number of the item to be manufactured, and the quantity to 
produce. It also may list for each operation, in routing sequence, the work 
station performing the operation, a description of the operation, the set-up 
and run time required, and a start time or due date. 


Each order is placed in the shop, along with the necessary raw 
materials, tools, and manufacturing information. Upon the completion of 
the first operation, the order is transferred to a work station capable of 
performing the second operation. The order must then wait until capacity 
becomes available to process it. And so it moves from machine to ma- 
chine until all of the operations have been completed. 


It is the function of scheduling to plan in advance the flow of these 
orders through the shop and to the customer or storeroom. The goal in 
scheduling is difficult to define. Should it be to minimize overdue orders ? 
Or idle machine and labor time? Or work-in-process inventory? Or 
perhaps fluctuations in the manpower level? All of these are desirable 
objectives, but the attainment of one might be at the sacrifice ofthe others. 
Choosing the best objective, or combination of objectives, is extremely 
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difficult to do in any exact or explicit way. In practice, one must usually 
settle for a vague compromise among all the goals. 


Scheduling of the job shop has a profound effect on a company's 
competitive position. It is largely through the schedule that management 
establishes delivery times, manpower plans, work-in-process inventory 
levels, and capacity utilization. The cost of performing the scheduling 
function can be quite significant in itself. Because of its extreme com- 
plexity and importance, scheduling appears to offer a fruitful field for ex- 
ploiting the power of large-scale computers. 


CONVENTIONAL METHODS OF SCHEDULING 


Use of Normal Lead Times. The most commonly used method of 
scheduling is to date orders on the basis of normal lead times. Normal 
lead time for an operation includes processing, move and inspection time, 
and an estimate of the time an order must sit in line waiting to go ona 
machine.! The dating can be done either by working forward from a start 
date to establish the completion date, or through a process of backdating 
from the promised shipping date to determine the start dates of assem- 
blies and parts. Forward dating from the start date of the item having the 
longest total leadtime is oftenused in quoting delivery dates to customers, 
but detailed scheduling is typically done by the backdating method. 


When the backdating method is used, all scheduled dates of assem- 
blies and parts are determined as an automatic consequence of fixing the 
final shipping date. Once the final shipping date has been set, scheduling 
the start time of each operation becomes merely a mechanical process of 
subtracting the operation's lead time from the start time of the next 
operation. Lead times may sometimes be adjusted to recognize varying 
load conditions or because of an order's unusual delivery requirements; 
however, after the lead times have been established, setting an order's 
final shipping date is the only independent scheduling decision which re- 
mains. 


Scheduling to Capacity. The other basic method of scheduling is 
by scheduling to capacity. Under this scheme, available capacity is ex- 
plicitly considered when orders are scheduled. Operations are scheduled 
to begin only during a time interval that has not previously been reserved 
for some other order. When an operation is assigned a start time, the 
estimated time required is reserved on the machine on which the work 
will be performed. All operations scheduled subsequently on that machine 


1 wwork station" is a more general term than "machine," since some operations are 
performed without the use of a machine (e.g., hand assembly). However, in order 
to add concreteness, the following discussion will refer to all work stations as 


machines. 


must then be fitted into some other time interval. If every operation of all 
orders is scheduled in this manner, the result is a schedule which does 


not overload the existing capacity. 


The most common means of scheduling to capacity is through the 
use of a Gantt chart. A Gantt chart establishes the sequence of orders 
processed through a machine and allocates capacity on the basis of an 
operation's predicted setup and run times. In most cases, the Gantt chart 
is constructed so that the sequence of orders on the machine can easily be 


rearranged. In this way, the schedule can be altered to recognize changed . 


delivery requirements or to utilize the machine more effectively. 


The distinction between the two methods of scheduling is clearcut. 
In the backdating procedure, lead times and the final shipping date are es- 
tablished by some means, and the start times of all operations are dated 
accordingly. The capacity requirement (or "load") during any time in- 
terval is only the result of the decisions regarding lead times and the 
shipping dates. The logic used in scheduling to capacity is quite different. 
In this case capacity is established first. The schedule is then determined 
so that the load will not exceed the capacity available. The lead times be- 
tween operations are merely a consequence of the amount of capacity 
available and the scheduled sequence at each machine. 


DEFICIENCIES IN CONVENTIONAL SCHEDULES 


Conventional methods of scheduling have proved satisfactory ina 
wide variety of job shops. Indeed, the backdating procedure or scheduling 
to capacity (or some combination of both) lies behind all formalized 
scheduling systems. Even so, it is important to recognize some rather 
basic deficiencies in conventional methods of scheduling. The most im- 
portant of these are: (1) schedules are often not feasible; (2) schedules 
are usually not effective in meeting delivery dates, reducing inventory, 
and utilizing capacity; and (3) the scheduling process itself takes so 
much time that the schedule normally does not reflect current conditions. 
These three deficiencies do not at all imply faulty administration of the 
scheduling system. In fact, because of the tremendous complexity of the 
scheduling problem and the huge mass of data involved, these deficiencies 
are almost unavoidable in any conventional system. 


Infeasible Schedules. The backdating procedure implicitly assumes 
that the shop has infinite capacity to perform an operation at the scheduled 
time. Each order is dated without detailed consideration of its effect on 
all other orders. Shipping dates might be established to provide a level 
assembly load, but this does not necessarily guarantee that manufacturing 
sections other than the assembly section will have level loads. Conse- 
quently, an operation may be scheduled to start at a time when the machine 
or machine group performing the operation is already overloaded. Sucha 
schedule is obviously infeasible. 
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Ineffective Schedules. The problem of infeasible schedules can 
conceivably be eliminated by scheduling to capacity. The chief obstacle to 
doing this is the great bulk of data which must be manipulated. But even 
if such a scheme were practical, the resulting schedules, though feasible, 
would not necessarily be effective. A feasible schedule might still result 
in many overdue orders, excessive inventory, and low capacity utilization. 


The effectiveness of a schedule established by loading to capacity 
depends in the final analysis on the scheduled sequence of orders at all 
machines. Any schedule is, after all, nothing more than a series of se- 
quencing decisions. Even in a moderate-sized shop, an astronomical 
number of unique schedules can be generated by choosing different se- 
quences of orders at the various machines. Choosing a sequence which 
results in an acceptable schedule calls for consideration of a large number 
of inter-related factors. 


The problem of considering all of the factors relevant to sequencing 
is so great that most of them must be neglected when sequencing to ca- 
pacity by conventional means. But with sufficient manual juggling, orders 
might be sequenced so that the resulting schedule is a reasonably good 
one. In most cases, however, this task would be so immense as to make 
it almost prohibitively expensive. And if cost alone does not limit the 
practicality of this, the time required to determine a satisfactory schedule 
usually does. 


Time Lag in Scheduling. If a schedule is to serve as a detailed 
plan of action, it must reflect current conditions in the shop and the latest 
status of orders. One of the most serious indictments of conventional 
scheduling methods is that they do not generate sufficiently timely sched- 
ules. In many cases, an intolerable time lag exists between a significant 
event and its recognition in the schedule. The longer the lag, the less 
likely it is that the shop can use the schedule as anything more than a 
loose guide. 


The problems introduced by the scheduling time lag arise both in 
scheduling new orders and in rescheduling old ones. No schedule, regard- 
less of its original excellence, will always be followed exactly. Machine 
breakdowns occur, men fail to report to work, dies break, suppliers fail 
to meet promised delivery dates, customers cancel orders, and the sales 
department accepts rush orders. Therefore, to use a currently fashion- 
able word, schedules must be "dynamic" to adjust to unexpected events. 
This means that schedules must be recalculated periodically to recognize 
both the latest information concerning the status of orders already sched- 
uled and any new orders received since the last schedule was established. 


Rescheduling is often a chaotic affair under conventional methods. 
Orders must be rewritten or repunched to conform to changed conditions. 


Worse yet, orders already released to the shop must be chased down and 
changed. By the time the changes are effected, conditions on which they 
were based have usually changed too. The result is seldom worth the ef- 
fort. 


DISPATCHING AND ITS RELATION TO SCHEDULING 


Inherent in the actual running of a job shop is the problem of de- 
ciding which order should be given priority when two or more are waiting 
to go on the same machine. Unless a large excess capacity exists, con- 
stant competition for machine time among orders is inescapable. It is the 
function of dispatching to resolve these conflicts. 


When a machine completes an operation, the dispatcher must as- 
sign the next order for processing on that machine. The order which just 
completed its operation must then be transferred to the location where its 
next operation is to be performed or, if all operations have been completed, 
to the shipping department or a storeroom. 


The Conflict Between Dispatching and Scheduling. The dispatcher 
serves as a link between the scheduling group and the shop. He makes 
priority decisions within the framework of the schedule. In a sense, how- 
ever, a conflict exists between the scheduling and dispatching functions. 
If schedules were completely satisfactory, no dispatching decisions would 
be necessary; the processing sequence at all machines would be fixed in ' 
advance by the schedule. 2 In practice, however, on-the-line dispatching 
is needed to adjust the schedule to make it more acceptable to the shop. 
The need to make these dispatching decisions stems, of course, from the 
fact that the schedules given to the shop are not feasible, effective, or 
timely. 


Dispatchers are assigned to the shop in recognition of this. Much 
of their work involves trying to make an impossible schedule possible. 
They can combine orders to save setups, shift work from overloaded to 
underloaded facilities, and make other on-the-spot adjustments to live with 
the schedule - but not without limit. A price must be paid for not supply- 
ing satisfactory schedules in the first place. 


2 even then the dispatching decisions would not really be avoided; they would merely 
be shifted to the scheduling function. Scheduling under such a system would actually 
be advanced dispatching. Although this might conceivably eliminate the need for on- 
the-line dispatching decisions, there would still exist a need for someone to perform 
the routine chores commonly assigned to dispatchers. 
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DISADVANTAGES OF THE CONVENTIONAL 
SCHEDULING-DISPATCHING SYSTEM 


The net effectiveness of conventional scheduling really hinges on 
the effectiveness of a two-stage process. Scheduling is the first stage and 
dispatching is the second. The ultimate test of this system is its ability 
to meet delivery promises, maintain a low level of inventory, and utilize 
capacity efficiently. In most cases, it falls short on all three counts. 


The basic weakness in the system lies in the deficiencies of the 
schedules given to the dispatcher. Because most schedules are not feasi- 
ble, effective, or timely, the dispatcher must make adjustments to them. 
The almost inevitable consequences of relying on the dispatcher to remedy 
an imperfect schedule are relatively poordelivery performance, excessive 
inventory, and low capacity utilization. 


For one thing, the ad hoc schedule adjustments the dispatcher 
makes are not at all certain to be the best ones. He cannot possibly keep 
track of changing customer requirements or conditions throughout the 
shop to know how best to assign order priorities and to shift loads between 
facilities. The dispatcher can recognize only a few of the more impor- 
tant - or moreimmediate - factors which should be considered in making 
dispatching decisions. Then, too, a dispatcher often faces an army of fore- 
men, expeditors, union stewards, and workers, each with his own parochial 
(and often conflicting) interest. It would be unreasonable to expect the 
dispatcher always to act with complete objectivity under these conditions. 


But even if the dispatcher made perfect decisions, it is often too 
late for him to do any more than partially correct for unsatisfactory con- 
ditions. For example, unless scheduling predicts in advance unusual 
capacity requirements, it is difficult to take the necessary steps to alle- 
viate the situation. If delays in shipping are unavoidable, with proper 
scheduling at least customers can be informed of this in advance. Waiting 
until problems arise in the shop before action is taken can only result in 
increased manufacturing costs and the creation of customer ill will. 


When the dispatcher makes adjustments to the schedule, then to 
that extent the schedule failed to predict actual shop events. This robs it 
of much of its usefulness. Ideally, the schedule should be a reliable and 
up-to-date prediction of events in the shop. Such a prediction is necessary 
because of the need to plan material and capacity requirements in advance. 
As compensation for the uncertainty introduced by an unreliable schedule, 
some "fat" or "slack" must be added to lead times, extra safety stock must 
be carried in inventory, and surplus capacity must be reserved. 


SUMMING UP 


Conventional Scheduling. In conventional scheduling systems, 
orders are dated either by the backdating process or by scheduling to ca- 
pacity. The backdating process largely ignores capacity restrictions in 
the shop, and as a result the schedules so determined are infeasible to 
some degree. Scheduling to capacity eliminates this objection, but leaves 
the problem of choosing a sequence of orders at all machines which will 
lead to effective shop performance. This problem is so enormous that 
many of the important factors influencing performance cannot be con- 
sidered. Both the backdating method and scheduling to capacity suffer 
from the additional disadvantage of taking too long, and as a result the 
schedule usually does not reflect current conditions. 


The dispatcher is handed an imperfect schedule and told to meet 
scheduled dates, utilize facilities efficiently, and keep inventories low. 
This is a hopeless demand. It is hopeless, first of all, because of the 
human limitations of the dispatcher. But even if the dispatcher possessed 
the gift of omniscience, he could still not compensate for a lack of ade- 
quate advanced planning. The result is an increased number of late 
orders, excess inventories, inefficient utilization of capacity, and wide 
fluctuations in loads. 


Il. USE OF A LARGE-SCALE COMPUTER IN SCHEDULING 


The extent to which imperfect job shop scheduling contributes to 
poor delivery performance, higher manufacturing costs, increased capital 
requirements, and lowered shop morale varies among different shops; but 
it certainly exists to some degree in all of them. The problem of schedul- 
ing is just too complex and too massive to expect otherwise. Large-scale 
computers offer the only hope of gaining any real mastery over the prob- 
lem. 


Until recently, the relatively small capacity of data processing 
equipment has limited its usefulness in production control applications. 
However, the phenomenal capabilities of the present largs-scale machines 
greatly extends their ability to cope with the problem of job shop sched- 
uling. 


If a computer is to improve scheduling, it must be able to deter- 
mine a schedule whichis (1) feasible; (2) effective in meeting delivery 
dates, reducing inventory, and utilizing available capacity; and (3) timely. 
Such a schedule can be used as a detailed guide in making dispatching de- 
cisions. Only then does the schedule serve its full purpose. 
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FEASIBILITY OF COMPUTER SCHEDULES 


A feasible schedule must meet two tests. First, it must not over- 
load existing capacity; and second, it must not schedule the start of an 
operation before the scheduled completion of the previous operation (and, 
in many cases, not until sufficient inspection and move time has elapsed). 
To prevent overloading, an estimate must be made of the available capacity 
of each machine and the setup and run time required to process each 
operation of every order scheduled. An even more difficult task is keeping 
track of each order as it is scheduled from operation to operation so that 
it will not be scheduled into a machine ahead of the time it will be avail- 
able from the previous operation. 


One way to determine the feasibility of a schedule is to test it in 
the shop. This, of course, has obvious disadvantages. An alternative to 
this, and one which tests a schedule prior to its actual execution in the 
shop, is job shop simulation on a computer. 


Job Shop Simulation. Simulation of the shop to develop feasible 
schedules is a fundamental concept in using a computer for scheduling. In 
simulating the shop, the computer duplicates internally the flow of orders 
from machine to machine. A running record is kept in simulated time of 
each machine's current status (whether the machine is idle or occupied; 
and if occupied, by which order), its scheduled capacity (number of shifts 
manned), and the orders waiting to go on the machine. The computer then 
adjusts the current status appropriately when an event occurs in simulated 
time. For example, when a machine completes an operation on an order, 
a new order is scheduled into the machine and the oldorder is transferred 
to the waiting line of the machine performing its next operation. 


And so the computer moves through time, simulating the movement 
of orders through the shop. The simulated time at which an operation is 
begun becomes the scheduled start time for that operation. That is the 
key. Because the computer is essentially duplicating the shop - but in 
advance and on a very greatly compressed time scale - the schedule it 
determines through simulation is entirely feasible if the estimated setup, 
processing, inspection, and move times are reasonably accurate. 


The scheduling cycle which the computer uses can be put in sche- 
matic form. The figure on the next page gives a simplified diagram ofthis 
cycle. It is basically the same one used by a dispatcher in the shop. 


EFFECTIVENESS OF COMPUTER SCHEDULES 


Although determining a feasible schedule is by no means a trivial 
matter, most of its difficulty comes from the huge quantity of data which 
must be manipulated. The real measure of a schedule is not so much its 


feasibility, but its effectiveness in meeting delivery dates, increasing the 
utilization of available labor and machine capacity, and reducing inventory. 


1. Determine machine becoming free next. 


2. Determine orders waiting to go on the 
free machine. 


3. Of the waiting orders, choose the one to 
begin processing next. 


4. Transfer the order which just completed 
its operation to the waiting line of the 
machine performing its next operation. 


5. Repeat scheduling sequence for machine 
becoming free next. 


Computer Scheduling Cycle 


The crux of the problem of determining effective schedules lies in 
Step 3 of the scheduling cycle diagrammed above. The proper selection of 
the next order to assign to a free machine spells the difference between a 
good schedule and merely a feasible one. A good schedule can only result 
from a whole series of good sequencing decisions. The method of making 
these decisions is through the use of a priority rule. 


Priority Rule. A priority rule is used to select the order to assign 
next to a free machine when two or more orders are competing for the 
machine. A human dispatcher can get along very easily - if not always 
efficiently - without detailed priority instructions. A computer cannot. 
It requires explicit rules for every dispatch "decision" it makes. Since 
large computers can evaluate extremely complex mathematical expres- 
sions with ease, computer scheduling through simulation will permit the 
use of elaborate priority rules which take many factors into consideration. 
Some of these factors which a computer might consider are listed below. 
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1. Due Date. Certainly an order's due date is of prime importance in 
setting priorities. The nearer the current date approaches an or- 
der's due date, the more important it becomes to begin work on 
that order. The only critical date is the date on which the order is 
due to be shipped to a customer (or, in the case of an inventory re- 
plenishment order, due into the stocking location). However, rather 
than basing priority decisions at all stages of manufacture on the 
single shipping date, it would be easier to establish intermediate 
dates for assemblies and subassemblies. These would then serve 
as milestones on the path to the final shipping date. The inter- 
mediate dates can be established through the backdating procedure. 
One of the objections to the backdating procedure can partially be 
eliminated by the computer's ability to make frequent adjustments 
in lead time in recognition of changes in the load. In any case, the 
intermediate dates would not be inviolate; they serve merely as 
convenient guideposts during the simulation and would not be printed 
out by the computer. 


2. Remaining Processing Time. Another important factor in deter- 
mining priorities is the processingtime remaining to be performed 
on an order. The greater an order's remaining processing time in 
relation to the time available before it is due, the more critical it 
becomes to work on the order. Included inthe remaining processing 
time can be estimates of move time, inspection time, heat treating 
time, and similar necessary operations. In some cases it may even 
be desirable to estimate the time an order will sit in the waiting 
lines of the machines performing its remaining operations. 


3. Remaining Number of Operations. The total number of operations 
remaining before an order is completed is often more important 
than the total remaining processing time. This is especially true 
for orders having short processing times. Everything else being 
equal, the order having the largest number of operations remain- 

ing before its completion should be given priority over other or- 
ders. This factor reflects the inevitable wait time and other un- 
predictable delays that an order experiences before each opera- 
tion. 


4. Value of Inventory. One method of reducing the value of work-in- 
process inventory is to schedule high-valued orders on a short lead 
time basis. This requires that these orders be scheduled to start 
relatively late. Once started they should then be rushed through 
the shop. In terms of priorities, the high-valued orders would 


31 an estimate of wait time is added to the total remaining processing time in de- 
termining priorities, it would probably not be necessary to consider the remaining 
number of operations. 
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initially be given a low priority in relation to the low-valued or- 
ders. When only a minimum amount of slack time remains, they 
would then be given a high priority so that they will be completed 


on time. 


5. "Criticalness" of Orders. It might be muchmore important to meet 
the due dates on some orders than on others. For example, the due 
dates on defense contracts would certainly be more critical than on 
parts going into manufacturing stores for which a considerable ' 
amount of protective stock is provided. Priorities should reflect 


this. 4 


6. Possibility of Reducing Setup Cost. When a machine becomes avail- 
able for work, and one of the orders waiting to go on the machine 
can be run with little or no additional setup, that order should re- 
ceive some preference over orders requiring a completely new ' 
setup. If setup cost represents a large portion of production ' 
cost - as it does, for example, in papermaking and sheet steel 
slitting - the production sequence which minimizes setup cost may 
be an overriding consideration in scheduling. 


7. Length of anOperation. If, among the orders waiting to be assigned 
to a machine, the processing time of one of them is considerably 
shorter than the others, the order with the shortest processing 
time might be scheduled first. If this were done, the other orders 
would not be delayed significantly. On the other hand, assigning 
one of the long jobs to the machine would considerably delay the 
short job while not appreciably advancing the completion of the 


long jobs. 


8. Effect on Subsequent Machines. Suppose two orders are waiting to ‘ 
be processed on a machine. Suppose also that the machine per- 
forming the next operation on one of the orders currently has a 
long waiting line, while the machine performing the next operation 
on the other job is presently idle. Other factors being equal, the 
job next going to the idle machine should receive priority. (Instead 

of requiring the next machine to be completely idle, a minimum 

- queue length might be used.) 


has yet been said about the problems introduced by an assembly 
operation where two or more parts are joined together. In order 


9. Availability of All Parts Going into a Common Assembly. Nothing 


4 rhe determination of the "criticalness" of an order, and the weight which should be 
attached to this factor, would be exceedingly difficult to evaluate in practice. Sucha 

factor would be subject to a certain amount of misuse if management did not employ | 
it with considerable restraint. 
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to perform such an operation, all of the necessary parts must be 
available. Therefore, in choosing the assembly order to schedule 
next, the computer would look only at the orders for which all parts 
are available. As soon as all of the parts going into an assembly 
order have been completed in simulated time, the order could then 
; join the assembly waiting line. 


10. Relative Progress of Other Parts Going into a Common Assembly. 

The scheduled progress of all parts going into an assembly should 

, be considered simultaneously in setting priorities. Thus, if the 

completion of one of the parts for an assembly is unavoidably de- 

’ layed, the priority of the other parts of the assembly should be 

reduced so that they will not have to wait around on the assembly 

floor for the late part. At the same time, the priority of the de- 

layed part should be increased to rush it through its remaining 
operations. 


11. Rescheduling Orders on Idle Machines. In many cases, an operation 
can be performed on more than one type of machine. For example, 
a 48-inch lathe can normally perform any operation scheduled on a 
36-inch lathe (the converse is not true, of course). Orders are 
usually routed to the smallest machine capable of performing an 
‘ operation, for obvious reasons. However, if the larger machine is 
presently idle, rerouting some order from an overloaded smaller 
machine may well be justified. 5 


This list of factors is not meant to be exhaustive; it is likely that 
other factors will have to be considered in calculating practical schedules. 
A great deal of research is needed to determine the relative importance 
of each factor and its impact on the over-all effectiveness of a schedule. 


Capacity Available for Scheduling. One final point should be men- 
tioned in connection with the determination of feasible and effective sched- 
ules. The capacity scheduled by the computer must be fixed over the short 
term. This, of course, is true in the actual shop; either a machine is 
manned and available for work, or it is not; and if it is manned, then it is 
manned for some specific period of time per day and number of days per 
week. This is not to say the capacity cannot be changed. If an overload 
exists, additional men can be employed or overtime can be worked. But 
for any scheduling interval (say an hour or a day or a week), the capacity 
is fixed, and the schedule should reflect this fact. § 


S consideration of rescheduling opens a Pandora's box, since it leads into the com- 
plex question of the comparative advantage of one machine over another for every 
operation scheduled. Still another question raised is the possibility of substituting 
) a different labor grade for the "normal" one. 


Srhis is an oversimplification. In most shops there are more machines than machine 
operators. In such a case, the scheduling process must consider the interdependent 
availability of both men and machines. 
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In calculating such a schedule, the computer can use a level of ca- 
pacity fixed in advance by management. Then, if the resulting schedule 
gives poor delivery performance because of overloads, or low labor utili- 
zation and excessive inventory because of underloads, the capacity can be 
adjusted appropriately and the schedule redetermined. 


Such a trial-and-error scheme becomes somewhat cumbersome. 
A better plan would be to permit the computer to adjust capacities as it 
moves through simulated time. The computer could first determine the 
general capacity requirements by looking at the load ahead resulting from 
standard lead time dating. 7 Then, during the simulation scheduling, the 
computer could change capacities based on rules which specify the con- 
ditions under which a change is economically justified. 8 For example, the 
computer might be told to schedule an additional two hours overtime if the 
waiting line behind a machine exceeds, say, ten hours of work, or if orders 
processed on the machine are more than three days late. If the machine 
becomes even more overloaded, an additional shift might be added. Simi- 
lar rules would govern a decrease in capacity when facilities become 
underloaded or when orders are being delivered too early. The essential 
point is that the computer can make capacity changes in response to anti- 
cipated loads and shifting conditions in simulated time. As part of the 
output of the computer, a listing would be made of the manpower levels 
and hours worked for each scheduling interval. 


TIMELY COMPUTER SCHEDULES 


A timely schedule is one which includes recent events which have 
significance to the schedule. Timeliness can be achieved in two ways. One 
way is by a reduction in the number of deviations in the existing schedule. 
A second way is by a reduction in the time lag between an event and its in- 
corporation in the schedule. 


Reducing Scheduling Deviations. A schedule remains timely to the 
extent that it predicts events accurately. Thus, there is no direct relation 
between a schedule's timeliness and its age. If the number of scheduling 
deviations can be reduced, schedules automatically become more durable. 
Computer scheduling offers a means of eliminating some of the causes of 
deviations in schedules. It has the added advantage of simplifying re- 
scheduling if this should become necessary. 


Tr it is desirable to look ahead further than the load resulting from orders already 
on the books, forecasts will be necessary. A forecast by representative (or "proto- 
type") models can be used for this purpose. 


Srhis would obviously be a difficult job. The cost of changing capacity depends on a 
complex interaction among such factors as training costs, costs of overtime, costs 
of inventory, and costs of unemployment compensation. 
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' Deviations in a schedule arise from three basic causes: (1) infea- 
sibility and ineffectiveness of the existing schedule; (2) errors in esti- 
mating processing times, and (3) unexpected events, such as added or 
cancelled orders, engineering changes, absenteeism, and machine break- 
down. 


1. Infeasibility and Ineffectiveness of the Existing Schedule. One of 
the primary causes of schedule deviations under present methods 
is simply that the schedules given to the shop are infeasible and 
ineffective. To correct for these deficiencies the dispatcher makes 
adjustments to the schedule. As a result, the schedule fails to give 
an accurate picture of events in the shop. A computer scheduling 
system goes at the heart of the problem by reducing these sources 
of schedule deviations. 


2. Errors in Estimating Processing Times. Some variation in proc- 
essing time is inherent in any production process. The actual time 
taken to perform a given operation might depend on the particular 
worker or machine chosen to do the job, the day and hour at which 
it is done, and a whole series of random events which influence ef- 
ficiency. Since processing times vary, the estimates of these times 
will always be subject to some error. The goal is to reduce the 
variability of the error as much as possible, and to make the esti- 
mates “unbiased” in the sense that over the long run errors on the 
high side are balanced by errors on the low side. 


Computers can minimize the problem of estimating processing 
times by reducing any bias in the estimate through a detailed 
analysis of the shop performance. This will help to reduce the 
number of large deviations in the schedule caused by a gradual 
accumulation of small errors. 


Lack of bias in estimating processing times obviously does not 

completely eliminate the problems introduced by an error in esti- 
mating the processing time of a particular operation. The only 2 
time such an error can have a major effect on the schedule is when & 
an order is not available for assignment into a machine in the se- | 
quence specified by the schedule. For example, an order might be 

somewhat late in arriving at a machine, but if its lateness does not be 
destroy the scheduled sequence of orders on the machine, no per- 1 
manent damage to the schedule will take place. But once the se- 
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quence is upset, major deviations in the schedule can occur 
throughout the shop. 9 


In recognition of the fact that errors exist in the estimates of 
processing times, the schedule can allow some slack between oper- 
ations so as to reduce the risk that an order will not be available 
when scheduled into a machine. An increase in the amount of slack 
time reduces the risk of disrupting the schedule, but at the cost of 
increasing inventory. 10 


3. Unexpected Events Causing Major Deviations in the Schedule. By 
providing the shop with feasible and effective schedules, reducing 
systematic biases in estimating processing time values, and by al- 
lowing sufficient slack time between operations, much of the need 
for rescheduling can be eliminated. But there will still be occa- 
sions, certainly, when rescheduling becomes necessary. 


A computer scheduling system should make rescheduling a rela- 
tively simple matter. If the computer is able to schedule economi- 
cally balanced loads throughout the shop, there will be no need to 
release an order to the shop more than a short time before its 
scheduled start time. Rescheduling under these conditions is 
largely confined to orders not yet released. A change in the sched- 
ule will therefore result in very little hardship in the shop: a fore- 
man will not be irked by the reshuffling of an order which he does 
not know exists.’ Such changes would involve in many cases no 


9 rhe subsequent effects of disrupting the sequence depend on the stability of a sched- 
ule. If a schedule is stable, minor disruptions tend to dampen out. In the case of an 
unstable schedule, however, even a minor disruption can cause major deviations in 
the schedule at subsequent machines. The stability which a schedule exhibits is de- 
termined by a complex interaction among such factors as the amount of slack the 
schedule contains, the variability in processing times, the load existing throughout 
the shop, and the general nature of order routings. 


10 the development of digital controlled machine tools promises to have a major im- 
pact on scheduling. With the widespread use of these machines, setup time and run 
time will be very much more predictable. Setup on such machines often involves 
very little more than placing punched cards or tape in a sensing device which feeds 
control data to a machinetool. The actual run time will be machine paced, and there- 
fore quite predictable. The experience gained to date indicates that these machines 
will have relatively little downtime due to mechanical failures. The combination of 
high predictability of processing times and low downtime will make it possible to 
reduce the amount of slack time between operations without adding to the risk of 
disrupting the schedule. The low setup time will have the additional effect of justi- 
fying smaller lot sizes for stocked parts. Reduced lead times and smaller lot sizes 
will in turn lower inventory requirements. On the other hand, the number of re- 
stocking orders - and hence the problem of production control - will grow, and 
good scheduling will take on added importance. 
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— 77m the erasing of magnetic spots in the computer's mem- 
ory. 


Reducing the Time Lag in Calculating a Schedule. The second fac- 
tor affecting the timeliness of schedules is the time lag taken to include a 
significant event in the schedule. This time lag has two components. One 
of these is the time required to calculate the schedule once the neeessary 
data have been collected. This should present no great problem for a 
computer: speed is a computer's stock in trade. Despite the huge bulk of 
data which a computer must handle, the time required tocalculate a sched- 
ule will be quite short. 


The other component of the time lag is the time required to collect 
the data and transform them into a form usable by the computer. This is 
often the longer of the two time components. The key to exploiting the in- 
credible speed of the computer lies in the rapidcollection of data affecting 
the schedule. Even now devices exist for automatically recording a ma- 
chine's production and transmitting these data to a central production 
control office. The real restriction to the widespread application of such 
devices has been the inability of conventional scheduling systems to utilize 
rapid feedback information. Computer scheduling does not suffer from 
such a limitation. When coupled with a computer system, accurate and 
timely feedback information takes onimmense - almost critical - impor- 
tance. 


A COMPUTER SCHEDULING SYSTEM IN OPERATION 


A well-conceived computer scheduling system appears to meet all 
of the requirements of good scheduling. The next question, then, is how 
can computer scheduling be incorporated into the over-all production con- 
trol system ? 


Ultimately the computer system will probably be the production 
control system. All events in the shop and any changes in orders will 
automatically and "instantaneously" be transmitted to the computer. Dis- 
patch decisions will be made by the computer in "real time" or "on line.” 
That is, as a machine actually completes an operation and is waiting for 
work, the computer will select the order to work on next. It will transmit 
this information directly to the work station or to the foreman in charge 
of the manufacturing section. In making priority decisions, the computer 
will consider all of the latest information at its disposal. It will look ahead 


11 ohe foreman would certainly be told in advance the aggregate requirements for 
manpower, machine capacity, material, and tools. It would not be necessary to give 
him the detailed composition of the load, however. The only restriction on resched- 
uling would be that it could not significantly alter the advanced estimates of the ag- 
gregate requirements. 
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by simulating the shop in order to determine the effect of its current de- 
cision on future events. 


The results of the computer's peering into the future can be printed 
out periodically as the master schedule. Thisdocument would be the basic 
planning guide. Information appropriate to such groups as line foremen, 
inventory control personnel, and manpower planners could be extracted 
from the master schedule and printed in a form most meaningful to the 
intended users. The computer would revise the schedule only when sig- 
nificant changes have occurred. The time range of the schedule (that is, 
the length of time it looks ahead) would depend on the amount of advance 
notice required to hire and train manpower, procure raw materials, add 
to machine capacity, and so forth. 


Such a complete system obviously is quite a few years in the future. 
Computer scheduling systems will go through several stages before reach- 
ing this “ultimate” goal. Probably an early stage will be the periodic - 
weekly perhaps - calculation of aschedule throughthe simulation process. 
In order to limit the amount of computer time required, the detailed sched- 
ule might look only a relatively short time into the future. The schedule 
for events further into the future could be determined by the backdating 
procedure. Dispatchers in the shop would use the detailed schedule, and 
would make appropriate adjustments between weekly calculations. 


As computers become more powerful and greater knowledge is 
gained in their use, more and more of the production control routine could 
be shifted to the computer. The frequency of calculating schedules could 
be increased, the range of schedules could be lengthened, and more rapid 
and automatic feedback devices could be incorporated into the system. 
The result of this continual process of improvement and extension will al- 
most surely be a real time computerized production control system. 


LIMITATIONS TO COMPUTER SCHEDULING 


The discussion so far has pointed out only the advantages and none 
of the limitations of computer scheduling. The picture is not all that rosy, 
however. There are some important limitations to the application of com- 
puters in job shop scheduling. These limitations are of either a technical 
or economic nature. 


Technical Limitations. Priority scheduling of even a moderately- 
sized shop involves a staggering amount of data shuffling. A computer 
capable of manipulating the data rapidly enough must possess ravenous 
input capabilities, an exceedingly fast arithmetic unit, and a huge high- 
speed random access memory. 


94 


| 


| 
i 
‘ 
= 
ant 
a4 


As severe as these requirements are, some of the largest machines 
now available or on the immediate horizon appear to offer the necessary 
characteristics. The rapid strides being made in computer technology 
certainly indicate that if presently available hardware does impose any 
limitations, these limitations will be short-lived. Each year sees a many- 
fold increase in computer capacity, and there is no reason to believe that 
this trend will abate. 


Perhaps a more fundamental technical limitation is the program- 
mer's inability fully to tap the power which the computer engineer designed 
into his machine. A number of extremely difficult problems must be faced 
and solved before the first satisfactory simulation scheduling system is 
installed. Not the least of these is the problem of determining an effective 
priority rule. An almost human logical ability must be breathed into the 
computer before it can make dispatching decisions which result in uni- 
formly good schedules. 


But surely this problem is no more difficult than some of the other 
complex tasks which computers have tackled with success. Computers 
have been programmed to play a good game of checkers and a tolerable 
game of chess, to prove difficult logical and geometric theorems, and to 
read ill-defined shapes and patterns. The effort that has gone into de- 
veloping these programs is not primarily for amusement; instead, it is 
meant to demonstrate the powerful logical ability of computers. The cur- 
rent work directed toward developing increasingly sophisticated computer 
languages will even magnify this ability. 


Economic Limitations. Economic considerations, rather than tech- 
nical limitations, place the greatest restrictions on the use of computers 
for job shop scheduling. The cost of large scale computers has been soar- 
ing. However, this increase has been at a much slower pace than the in- 
crease in capacity. The result is that the cost of performing a given 
series of calculations on today's computers is very much less than the 
cost on the best machine available only a few years ago. The extensive 
use of large-scale machines and the recent developments in computer 
technology seem destined to make the computations involved in job shop 
scheduling entirely feasible from an economic standpoint. 


The expense of the hardware itself is only one of the costs of de- 
veloping a system of computer scheduling. There is simply no denying 
that an enormous amount of effort must go into developing any computer 
system, and the complexity of the job shop scheduling program makes it 
an especially expensive application. Skilled programmers and systems 
experts must be employed, new procedures must be set up, and all per- 
sonnel, from manager to shop worker, must be trained in the use of the 
new system. 
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All of this costs money. But so do low machine utilization, exces- 
sive inventory, large fiuctuations in work loads, squadrons of expeditors, 
and customer ill will generated by poor delivery performance. As plants 
become more automated, many of these costs will increase. The question 
is, which is more expensive, computer control or poor scheduling? Cer- 
tainly a manager must face the fact that a computer scheduling system 
will be exceedingly expensive to install. On the other hand, he should also 
recognize that not developing such a system might entail the even more 
unpalatable alternatives of lower efficiencies, higher inventories, and a 
gradual erosion of competitive position. 


CONCLUSION 


Within the foreseeable future - say within the next ten years - 
routine scheduling of a job shop on computers will almost certainly exist 
in a number of progressive companies. There are two excellent reasons 
for confidence in this: (1) the need for such a system is very great and 
(2) there appears to be no permanent technological or economic block to 
developing such a system. Anyone even vaguely familiar with a large job 
shop recognizes the need. The only possible hope for obtaining any real 
degree of control over such a shop is through the use of a large-scale 
computer. The equipment necessary to do the job is already at hand or in 
sight; the real problem lies in developing the system to use the available 
hardware. Priority scheduling through job shop simulation appears to 
offer the most promising approach to solving this problem. 
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